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ON THE ACTION OF CHLORAL HYDRATE ON THE 
HEART WITH REFERENCE TO THE SO-CALLED 
PHYSIOLOGICAL PROPERTIES OF HEART MUSCLE. 

A. J. CARLSON. 

[FreiH /ke Hull PkjiiolBgical Laior.Uory of tie Univertily af Ckkago^ 
I. 

THE peculiarities of the heart tissues as revealed by the 
response of the heart to direct stimulation are generally con- 
sidered to indicate the properties of the heart muscle, only scant 
consideration being usually given to the part that the intrinsic 
nervous system in the heart may play in these reactions. In the 
reaction of the heart to direct stimulation the influence of extrinsic 
nerves and nerve endings may possibly be eliminated by section of 
these nerves and allowing time for degeneration. The cardiac fibres 
of the vagi may possibly be eliminated by atropin and nicotine, 
although the point of action of these drugs in the vertebrate heart is 
stilt a matter of inference by analogy. According to Hering there 
is no drug that will abolish the action of the augnientor nerves on 
the heart without impairing the heart muscle.^ The fact that the 
ventricular apex exhibits the reaction characteristic of the heart 
tissues on direct stimulation may be urged as evidence that the 
intrinsic nervous tissue is not a factor in these reactions, but even 
the apex of the ventricle contains the typical nerve plexus or intra- 
muscular nerve net, and in some vertebrates at least, ganglion cells.' 

' Hering : Archiv fiir die gesammte Physiologic, 1903, xcU, p. 250. 
* CAR1.SON: Archiv fijr die gesammte Physiologie, 190S1 cix, p. ji. 
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Unless the intrinsic nervous system in the heart walls is thrown out 
of function it is obvious that any stimulus that affects the muscle 
cells will at the same time act on the nervous tissue. In fact, the 
nervous tissue may be more highly excitable than the muscle cells to 
many forms of stimuli, so that some of the reactions of the heart to 
direct stimulation may be caused by the stimulation of the nervous 
tissue alone. It would then seem obvious that " as yet we do not know 
the properties of the heart muscle in the vertebrates apart from the 
intrinsic nervous tissue."' It may be that the peculiarities revealed 
by the response of the heart to direct stimulation are due to the 
peculiar properties of the heart muscle, but it is also possible that 
they are due to the peculiar properties of the intrinsic nervous tissue 
in the heart and to the physiological interaction between the two 
tissues. Direct proofs are lacking in support of either view. 

II. 

Harnack,' Bohmc,^ and Rohde* have recently made important 
contributions towards the solution of this question. When the heart 
of the frog or the tortoise is subjected to the action of mono-iodine 
aldehyde or chloral hydrate it is brought to a standstill in diastole 
after a primary augmentation of the rhythm, while the heart still re- 
tains its excitability and contractility, as shown by its response to 
direct stimulation. The first action of these drugs is therefore the 
abolition of automaticity after a primary stimulation. If the drugs 
are confined to the ventricle, the latter continues to beat in synchrony 
with the auricles as long as it retains its excitability to direct stimu- 
lation. The work of Rohde seems to show that at a certain stage in 
the action of chloral hydrate on the heart all special peculiarities of 
response of the heart to direct stimulation are abolished while excita- 
bility and contractility of the heart walls still remain. At this stage 
the heart responds to direct stimulation like an ordinary skeletal or 
smooth muscle. It is readily tetanized, the characteristic refractory 
period is not in evidence, and the heart responds to stimuli of gradu- 
ally increasing strength with contractions of gradually increasing 

.' Carlson : This journal, 1905, xii, p. 494. 

* Harnack: Archiw fiir Physiologie, 1904, p. 415. 

* BOhme; Archiv fur experimentelle Patholojfie und Pbarmakologie, 1905, 
liii, p. 346. 

* Rohde: Archiv fiir experimentelle Pathologie und Pharmakologie, 1905, liv, 
p. 104. 
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Action of Chloral Hydrate on the Heart. 3 

amplitude. Rohde's interpretation of these results are that the 
chloral hydrate paralyzes the intrinsic nervous tissues in the heart 
before complete paralysis of the heart muscle is effected, and the 
heart muscle thus separated from the intrinsic nervous tissues re- 
sponds to direct stimulation much like ordinary skeletal or smooth 
muscle. The peculiarities in the response of the normal heart to 
direct stimulation is therefore due to the direct stimulation of the 
nervous tissues in the heart. Rohde cites experiments of Uexkiill 
(on Sipuculus), Bethe (on MedusEe), and Magnus (on the intestines) 
as supporting by analogy this interpretation. 

Rohde's experiments are, however, capable of another interpre- 
tation. Such a powerful general anaesthetic as chloral hydrate must 
necessarily act on all the tissues in the heart. It is conceivable that 
at a certain stage in the action of the chloral hydrate on the muscle 
cells these cells lose their peculiar properties of refractory state — all 
or none response and non-tetanizabilicy — while the more fundamental 
properties of excitability and contractility are retained till a later 
stage in the action of the drug. In other words, the chloral hydrate 
may act on the heart muscle itself in a way to alter its response to 
artificial stimulation. Personally, I do not think that this objection 
will prove true, but as long as this interpretation remains a possibility 
the question must be recognized as an open one. 

III. 

In the heart of Limulus, Rohde's interpretation of the action of 
chloral hydrate may be put to the experimental test. The function 
of the intrinsic nervous system in this heart is known. It is, further- 
more, without destroying the heart rhythm, possible so to separate 
the automatic heart ganglion, the nerve plexus, and the heart muscle 
that the action of a drug may be confined to either tissue without 
affecting the other. In this way it is a relatively simple matter to 
determine the point of action of any drug in this heart as well as the 
intensity or rapidity of action of general protoplasmic poisons, like 
chloral hydrate, on the muscular and the nervous tissues. An ex- 
tended series of experiments along this line have been carried out 
making use of a number of drugs. The general results of this work 
are soon to be reported. Chloral hydrate was included in the list of 
drugs studied. The experiments with this drug were carried out in 
the summer of 1905. The two main points of interest in the action 



,v Google 



4 A. % Carlson. 

of this drug on the Limulus heart were that the heart ganglion is 
more sensitive to the drug than the heart muscle, and that the drug 
has a primary stimulating action on the heart ganglion, while it 
depresses the heart muscle without any initial stimulation. These 
characteristics are, however, not peculiar to chloral hydrate, as several 
drugs act in the same manner on the ganglion and on the muscle. 
On the appearance of Rohde's paper I decided to repeat some of the 
experiments with chloral hydrate with a view of determining whether 
this drug completely paralyzes the nervous tissues in the heart before 
the muscular tissue is paralyzed. For accounts of the methods of 
preparing the heart and recording the heart action, in these and 
similar series of experiments, the reader is referred to one of my 
previous papers.' The drug was used in isotonic solution (f^ m), and 
this was mixed with Limulus plasma or sea water in any proportion 
desired. 

IV. 

Chloral hydrate has a primary stimulating action on the heart 
ganglion. The stronger the concentration of the drug, the greater 
the primary stimulating action. When a solution of the drug is 
applied to the isolated posterior end of the heart ganglion, the first 
heart segment being used for recording, the rhythm is greatly aug- 
mented both in rate and intensity. This augmentation may approach 
incomplete tetanus before the depressor phase and ultimate cessation 
of the ganglionic activity sets in. The augmented ganglionic rhythm 
is nearly always irregular in the way of alternating strong and weak 
nervous discharges, grouping of the nervous discharges, etc. 

Chloral hydrate, dissolved in the plasma or sea water surrounding 
the heart, depresses the excitability and contractility of the heart muscle 
without primary stimulation. No strength of the drug was found that 
would give a distinct increase in the strength of the contraction when 
confined to the heart muscle (and nerve and nerve-endings in the 
muscle), but the stronger concentrations of the drug tend to produce 
an increased tonus in the muscle. This tonus contraction is not 
accompanied by any increase in the amplitude of the beats, and 
it does not appear when relatively weak concentrations of the drug 
are employed. It is therefore evident that chloral hydrate has 
primarily an opposite action on the two tissues of the heart, — a 
primary stimulating action on the heart ganglion, and a primary and 
' Carlso-n : This journal, 1906, xv, p. 207. 



,v Google 



Action of Chloral Hydrate on the Heart. 5 

continuous depressing action on the heart muscle (and nerve endings), 
while the final action of the drug is the same for both tissues, namely, 
complete anassthesia or paralysis. Because of the greater sensitive- 
ness of the heart ganglion to the drug, the primary stimulating action 
is first in evidence when the chloral hydrate is applied to the whole 
heart. A similar primary stimulating action of chloral hydrate on 
the frog's heart is recorded by Rohde. So far, then, the action of 
this drug is the same on the frog's heart and the Limulus heart. In 
the case of the Limulus heart, the primary augmented rhythm follow- 
ing the application of the drug is due to the action of the drug on the 
automatic ganglion. This may also be the mechanism of the primary 
stimulation in the vertebrate heart, but this view is an interpretation 
only ; a demonstration of it is so far wanting. 



When a solution of chloral hydrate is applied to the entire heart, the 
heart tissues are ultimately paralyzed in tke following order : ganglion, 
nerves, or nerve endings, muscle. The automatic activity and reflex 
function of the ganglion appear to be abolished simultaneously. At 
any rate, I never succeeded in obtaining any reflex response from the 
ganglion on stimulation of any of the nerves leading from the gan- 
glion to the heart muscle after the ganglionic rhythm had ceased 
completely in the chloral narcosis. Such reflex responses are always 
obtained from the ganglion under normal conditions, as I have pointed 
out in a previous paper.' At the stage when the automatic and reflex 
activities of the heart ganglion are completely suppressed by a solu- 
tion of chloral hydrate acting on the whole heart, direct stimulation 
of the nerves leading from the ganglion to the heart muscle still 
causes contraction of the latter, and when on continued action of the 
drug the muscle finally ceases to respond to the stimulation of the 
nerves, direct stimulation of the muscle itself still produces contrac- 
tion. .Accurate time measurements were not made, but in a solution 
of the drug that abolishes automatism and reflex activity of the 
ganglion in about ten minutes, the nerves remain excitable for fifteen 
to twenty minutes, and the heart muscle itself thirty to forty-five 
minutes longer. There can be, therefore, no question of the accuracy 
of the above thesis for the Limulus heart. I have spoken of the 
stage when the muscle ceases to respond to the stimulation of the 
' Carlson: This journal, 1905, xii, p. 483. 
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nerves, as the point of paralysis of the. nerves. It may be, of course, 
that it is the nerve endings and not the nerve plexus itself that is 
completely narcotized, or it is possible that the excitability of the 
heart muscle itself is so greatly reduced that it no longer responds to 
the impulses from the nerves, although it can be made to contract by 
a strong electrical stimulus sent directly through the muscle cells. But 
these possibilities have no bearing on the question before us, for no 



^ wmmmmm^l0^l^^^ 



> iiiiiiliiiif^^ 

Figure 1. — Two-fiflhi the original size. Tracings from the anterior end of the Limulus 
heart. A, heart ganglion isolated posteiiorly. recording end of heart bathed in 
plasma ; X, chloral hydrate and plasma in the proportion of 1 to 50, applied to the 
ganglion, showing primary stimulation of the ganglion. B, heart prepared as in i4 ; 
X, chloral hydrate and plaama in proportion of 1 to 15 applied to the ganglion, 
showing primary stimulation and tetanus of the ganglion, C, ganglion extirpated in 
the lirst two heart segments, the lateral nerves being left intact) X, chloral hydrate 
and plasma in proportion of 1 (o 15 applied lo the ganglion free recording end, 
showing gradual diminution in Che amplitude of the contraction. 

matter where the paralysis is located at this stage, it is obvious 
that on direct stimulation of the heart the stimulation of the intrinsic 
nerve plexus takes no part in the results. 

VI. 

The results on the Limulus heart are therefore in complete agree- 
ment with Rohde's interpretation of the mechanism of the change in 
the response of the vertebrate heart to direct stimulation during the 
different stages of chloral hydrate narcosis. In the Limulus heart 
the results are a matter of demonstration, not of interpretation. But 
in so far as the action of this drug appears to be identical in the 
Limulus and the frog's heart, it seems to me, these results in Limulus 
lend some support to Rohde's theory, I have pointed out in a pre- 
vious paper some of the changes in the response of the Limulus 
heart to direct stimulation following extirpation of the ganglion. 
Complete paralysis of the ganglion by a drug is, of course, equivalent 
to extirpation. 
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According to a preliminary statement by Howell, Mr. Schultz, one 
of Howell's students, has failed to confirm Rohde's results, particu- 
larly as regards the abolition of the refractory period of the heart 
tissue at a certain stage of the chloral hydrate narcosis, Howell 
maintaining that the heart tissues retain the property of a marked 
refractory period, even after subjection to the action of chloral hy- 
drate,' It is difficult to understand how contradictory results should 
be obtained in a matter that may be determined by so simple and 
direct experiments. If chloral hydrate abolishes the marked latent 
period of the heart tissues this action is probably gradual, so that one 
may find that the refractory condition remains in the earlier stages 
of the narcosis, while in the later stages it is less in evidence. The 
refractory state is, of course, not peculiar to the heart tissues. 
In the heart of invertebrates, and at least some of the vertebrates, 
it is a condition of reduced excitability only, and not a state of 
inexcitability.^ 

' Howell: Journal of the American Medical Association, 1906, xlvi, p. 1670. 

' Carlson : Zeitschrift fiir allgemeine Physiologie, 1904, iv, p. 2591 This jour- 
nal, 1906, xvi, p. 72. 
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THE INFLUENCE OF OSMOTIC PRESSURF. ON THE 
IRRITABILITY OF SKELETAL MUSCLE. 

By WALTER J. MEgK. 
[Frcm thi HtUl PAyiielogieal Latwatory af tht UnrDtrsity of Chieago.\ 

THE experiments reported in this paper were undertaken at 
the suggestion of Professor Carlson, with a view to determine 
whether the effect of hypertonicity and hypotonicity on muscle cells 
is the same as on ganglion cells. Carlson has shown that in the case 
of the Limulus heart and the tortoise auricle hypertonicity of the 
surrounding medium depresses the rate and decreases the amplitude 
of the beat, while hypotonicity acts as a primary stimulus to the 
rhythm and increases the amplitude of the beats.' In the Limulus 
heart the action is the same on the heart ganglion and on the heart 
muscle. In the case of the latter the action might be either on the 
muscle cells or on the motor nerve endings. There is no way of 
deciding between the two possibilities, since no drug is known that 
will paralyze the motor nerve endings in the heart without injuring 
the heart muscle itself. In order to clear up this point it was de- 
cided to try the effect of hypotonic and hypertonic solutions on 
curarized skeletal muscle. The problem has been, first, to find out 
whether hypertonicity and hypotonicity act in the same way on skele- 
tal muscle as on heart muscle, and, secondly, with the aid of curare, 
to determine whether these effects were due to action on the muscle 
cells or the motor nerve endings. 

The gastrocnemius muscles of frogs were used, and the solutions 
were applied by perfusion. The frogs were either pithed or curarized. 
The gastrocnemius was freed from the bone at its point of attach- 
ment. The tibia was then fastened in a clamp to support the limb, 
while the body of the frog was fastened on a board ventral side up. 
The removal of the muscle was done with some care to avoid injuring 
or compressing the arteries and veins of the region. The gastrocne- 
• Carlson: This journal, 1906, xv, pp. 357-370. 
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mius was then attached by its lower end to a muscle lever in the 
usual way. 

For perfusion, a small three-way cannula was introduced into the 
right systemic arch of the aorta. The arch of the aorta was used in 
preference to the dorsal aorta merely for the sake of convenience. 
The left aortic arch was ligatured. The cannula was connected by 
rubber tubes with funnels containing the desired solutions. By means 
of clamps on these tubes the different solutions could be thrown in at 
will. Perfusion was often aided by compressing the tubes at inter- 
vals. The level of the liquid was maintained at a height of about 
40 cm. Enough blood vessels are ruptured in the preparation of the 
frog to prevent any great oedema, and it was not found necessary to 
sever the vena cava for this purpose. 

The time of perfusion usually varied from twenty minutes to an 
hour or even more. By perfusion time here, we mean the time 
elapsing before the effect of the solutions becomes noticeable. The 
rapidity and degree of perfusion may be told by the change of color 
in the muscle due to the washing out of the blood. 

Two kinds of hypertonic solutions were used in these experiments. 
The first was a double-strength Ringer's solution, and the second a 
normal Ringer's solution to which ^ cane sugar had been added. 
The results were identical for the two solutions, the only difference 
in action being that the sugar solution seems a little more rapid in 
action. 

Hypotonicity was obtained by dilution of Ringer's solution with 
distilled water. 

The muscle was in all cases directly stimulated by a single shock 
from the secondary coil of an induction machine. Uniformity of time 
was secured by use of a metronome to break the primary circuit. 
Stimuli of sub-maximal strength were always used. This was neces- 
sary in order to have the muscle show an immediate increase or 
decrease in its curve should the excitability or contractility be affected. 
The height of the contraction was taken as the measure of the effect 
of the solutions. The stimuli were thrown in at the rate of about 
32 per minute. 

In all the experiments the mode of procedure was to perfuse for 
some time with a Ringer's solution and then record the height of 
contraction for a given sub-maximal stimulus. The strength of the 
stimulus was then kept unchanged through the remainder of the ex- 
periment. The height of the curve under these conditions was taken 
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as the standard for comparing those obtained with hypertonicity and 
hypotonicity. 

The Influence of Hypertonicity. 

Hypertonlolt; depreHes oontraotillty and «xoitabllltr ^ wlthont pri- 
mary ■tlmuUtkiii. — In all cases the amplitude of the muscular con- 
traction is diminished by perfusing with a hypertonic solution. For 



Figure 1. — One-lhird the original siie. Tracing from curariied gastrocnemius show- 
ing depressing effect of hypertonicity. Perfusion with Ringer's solution. Double 
strength solution ajjmilted at jc, r', and x*. Isotonic solution admitted at x" and x*. 
Wide intervals »how that drum was stopped for one mtnute. 

a short time after the hypertonic solution is admitted the amplitude 
of contraction remains unchanged, but soon after the solution begins 
to wash out the Ringer's of normal strength the height of contraction 
begins gradually to decrease. 

The time required for the solution to take effect depends on the 
rapidity of perfusion and the condition of the muscle. In muscle that 
has been well washed out with Ringer's solution and where perfusion 
is rapid, the curve begins to fall in a few seconds after the hypertonic 
solution is thrown in. Fig. i shows a period of about two minutes 
before the effect is noticeable, but often the decrease begins in less 
time. 

If the perfusion is continued, the excitability and contractility of 
the muscle is lowered until no contraction whatever is obtained for 
the given stimulus. This ordinarily takes place in from five to ten 
minutes, and the depression is maintained until the hypertonic solution 
is removed. 

There is some evidence that the decrease in excitability and con- 
tractility is directly proportional to the concentration of the solution, 
as noted by Carlson for the heart. No attempt was made to prove 
this point definitely. The fact, however, that the effect of the hyper- 
tonicity always shows itself in a gradually descending curve would 
indicate that the muscle decreased in excitability and contractility as 

> The changes in the response of the muscle to direct stimulation are referred 
to as chatiges in excitability and contractility, as it is not plain vrhich of these two 
fectors is involved. 
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the plasma in the intercellular spaces or the substance of the muscle 
cells becomes more hypertonic. 

Recovery of the muscle after replacing the hypertonic solution 
with isotonic Ringer's is always gradual, and usually much slower 
than the depression. This is invariably true if the muscle has been 
brought to the point where the contraction has been entirely abol- 
ished. In case the contraction has been only slightly diminished 
recovery takes place quickly. The height of the curve after recovery 
is seldom as great as at the beginning. If perfusion is long main- 



FlGURK Z. — One-half the original sUe. Tracing from curarized muscle to show stimu- 
lating action of hypotonicity and depression by hypertonidty. Perfusion with Rlnger'i 
solution. First contractions while muscle was perfused with isotonic solution. Hypo- 
tonic solution admitted at x and hypertonic at jr'. 

tained, there seems to be some kind of a permanent injury to the 
muscle. After recovery a second perfusion causes a second depres- 
sion, and this may be repeated several times. 

Hypertonic solutions sometimes cause contracture of the muscle, 
although this does not seem to be a necessary accompaniment of the 
depressor effects. It is possibly due to the salt solution employed, 
and thus has little bearing on the hypertonicity. 

Figs. I, 2, and 3 illustrate these several facts. In Fig. i we have 
at the beginning contractions of a fairly regular height with perfusion 
by an isotonic solution. Ringer's sDlution of double strength was 
thrown in at x. For a space of two minutes the curve maintains its 
height, but then it begins to fall, until it is restored by putting in an 
isotonic solution at y. This is repeated three times. A contracture 
is also noticeable. In Fig. 3 the hypertonic cane sugar solution ad- 
mitted at X quickly reduced the height of contraction to zero with a 
decided contracture. Isotonic Ringer's solution (Fig. 3 B) brought 
back the excitability and contractility, but the curve did not again 
reach its original height. 

Fig. I is from a tracing made with a curarized muscle. The results 
after the use of curare are apparently identical with those obtained 
on non-curarized muscle- Many experiments were made on this point 
and no exceptions were noticed. This result is of importance in 
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locating the point of action of the hypertonic solution, 
undoubtedly on the muscle cells themselves. 



The Influence of Hypotonicity. 

Bypotoiilott7 luoreaaaa the axoitablllty and oontractiltty of sk«l«tBl 
moaole witboat any primary depreulon. — In all cases the effect of 
hypotonicity is directly the opposite of hypcrtonicity ; that is, it in- 



X A 

Figure 3. — One-half the original liie. Tracing from non-curarized muscle. First con- 
tracriont in A while muscle was perfused with iaotonic Ringer's solution. Ringer's so. 
lution -h y cane sugar admitted at x. The contractions decrease to zero. The space 
between A and B equals two minutes during which isotonic Ringer's solution was 
perfused. Contractions returned in B, but not to original weight. Space between B 
and C equals five minutes. The contractions returned to lerowilh isotonic perfusion. 
Hypotonic solution was then admitted with the stimulation resulting shown in C 

creases the height of the muscular contraction. The ease with which 
a hypotonic solution brings a muscle back to its former condition after 
hypcrtonicity was soon observed. This, however, was not taken as 
a final test of the stimulating action of hypotonicity. As before, the 
muscle was washed out with Ringer's of normal strength and then 
the hypotonic solution admitted. The amplitude of contraction under 
these conditions soon begins to increase. This continues until a 
maximum is reached, which is maintained until fatigue comes on. 

The increase in excitability and contractility develops gradually 
but slowly when compared to the decrease under hypcrtonicity. In a 
well-pcrfused muscle it frequently takes one to five minutes to become 
noticeable, and the maximum may appear much later than this. 

Hypotonic solutions of whatever degree of strength act as stimu- 
lants. The augmentation seems to be directly proportional to the 
dilution. The tracing reproduced in Fig. 2 illustrates this fact. 
After contraction had been abolished by the hypertonic solution, it 
was brought back to an average height of about 12 mm. by a solution 
of normal strength, while a hypotonic solution of one-half strength 
increased this height to about 25 mm. This is an increase roughly 
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proportional to the dilution, for the normal solution may be considered 
as hypotonic in comparison with the hypertonic which preceded it. 

The length of time that a muscle will maintain an increased 
amplitude after perfusion with a hypotonic solution was not deter- 
mined. In one case it remained for about five minutes. It is 
undoubtedly more or less temporary. 

I'^igs. 2, 3, and 4 illustrate the above points for hypotonicity. In 
Fig. 3 it will be noted that after a partial recovery from hypertonicity 
by the use of Ringer's solution of 
normal strength, hypotonicity raises 
the curve above the height at the 
beginningof the experiment. Fig. 4 
shows an increase in amplitude Figuru 4. — One-half the original bIzc. 
without a preceding depression Truang from curariied muscle to show 

/ ■ _._■-,. the effect of hypotonicity. A shows 

from hypertonicity- l ■ ■.. i , L j ■ ^ • 

■' ' ■' _ height 01 contraction during perfusion 

Figs. 2 and 4 reproduce tracings with isotonic Ringer's solution. B 

from Curarized muscles. As in shows curve after perfusing with 

the case of hypertonicity, paralyz- hjpoionic solution. 
ing the nerve endings has no effect on the action of the solution. 
The result here confirms the statement already made, that the action 
is directly on the muscle cells. 

It is not the purpose of this paper to enter at length upon theo- 
retical considerations concerning the phenomena described. We are 
certain from the experiments with curare that the muscle cells are 
directly affected, but the mechanism by which this is brought about 
is not at all clear. Carlson has pointed out that the effect of the 
solutions is probably not due to increase or decrease of pressure on 
the cell membranes with consequent loss or imbibition of water. 
As suggested by hira, it may be due to changes brought about by 
alteration in the permeability of the cell walls. Muscle undoubtedly 
works best in the long run under normal osmotic conditions. For a 
time it is evident it might accomplish more under the stimulation of 
hypotonicity, but this doubtless would be only temporary, and possibly 
would be followed by absolute injury. 

Summary, 
r. Hypertonicity depresses contractility and excitability without 
primary stimulation. In all cases perfusion with double strength 
Ringer's solution or Ringer's solution + isotonic cane sugar dimin- 
ishes the amplitude of the muscular contraction. 
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2. Hypotonicity increases the excitability and contractility without 
primary depression. In all cases the effect of hypotonicity is the 
opposite of hypertonicity; that is, the height of the muscular con- 
traction is increased. 

3. Curarized skeletal muscle gives the same reactions to hypo- 
tonicity and hypertonicity as uncurarized. The point of action is 
therefore on the muscle cells. 
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THE EFFECT OF SUBCUTANEOUS AND INTRAVENOUS 
INJECTIONS OF SOME SALINE PURGATIVES UPON 
INTESTINAL PERISTALSIS AND PURGATION. 

By JOHN AUER. 

[^Frmi tkt Seeitfiller Imtitult fur MiMcal Rtiearch, JVew yari.] 

A DETAILED consideration of the extensive literature on this 
subject is not necessary, as Hay's monograph^ gives a critical 
summary of the work accomplished up to 1884, and Eckardfs disser- 
tation' brings this matter almost up to date. The most important 
references, however, will be found in the discussion of the experi- 
mental results obtained in this investigation. 

The Effect of Subcutaneous Injections upon Purgation. 

Rabbits, ranging in weight between 1500 and 2500 grams, were 
used. The injections were invariably made into the subcutaneous 
tissue of the lumbar region, and the site moderately massaged after- 
wards. The animals were then placed in separate cages, and the 
faeces collected at certain intervals (sec below for details). They 
were fed on cabbage, turnip, carrots, and oats; no water was given. 

In order to gain some idea concerning the amount and character 
of the faeces passed by rabbits when kept confined in separate cages, 
five rabbits were observed for a number of weeks. It was found 
that the twenty-four hour amount varied between nothing and sixty 
grams ; the average for forty-eight determinations was nineteen grams, 
but this average means very little when the surprising range above 
noted is considered. As a rule, the faeces were hard, dry, and well 
formed ; but occasionally unformed masses were found, together with 
normal pellets. More frequently than unformed faeces, soft, discrete, 

* Hay: Journal of Anatomy and Physiology, 1881, xvi, p. 593; Hid., 1882, 
xvii, p. 435- 

* Eckakdt: Inaugural Dissertation, Giessen, 1905. 

'5 
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caked together pellets were seen; these also did not compose the 
entire output, but only a small part of it. It may be added here that 
the passage of soft masses of pellets has been observed a number of 







One hour after 


Total. 

5 hours. 


Total, 

24 hours. 


Rabbit l' . . . 


male 


foices. 








K»bbil2 . , . 


female 


3 gm. ; soft, caked. 


3gm. 


Sgm. 


Rabbit 3 . . . 


male 


Igm.; dry. 


1 gm. ; dry. 


Igm. 


RabMt4 . . . 


female 


lgm.;dry. 


1 gm-! dry. 


Igm. 


Control. . . . 


male 


1 gm. ; dry. 


Igm.; dry. 


Igm. 


Control. . . . 


female 


11gm.;dry. 


14gm.;dry. 


16 gm. 


Rabbits 1 to 4, inclusive, received 15 cc. f (4 per cent) lodium sulpha 
subcutaneousljr ; rabbit* 5 and 6 were controls. 


te solution. 



Fbbruabv 16. 







3 hours after 
injection. 


Total, 

6 hours. 


Total, 
29 hours. 


Rabbits .... 
Rabbit 6 .... 
Rabbit? .... 
RabbilS .... 


male 
female 
male 
female 


faeces. 
fseces. 

f«ce9. 
fseces. 






4gm. 




LusL 

3gm.; dry. 
7 gm. ; dry. 
9gm.;dry. 


Rabbits 5 to 8, inclusive, received 15 cc. of a 25 per cent sodium suiphale solu- 
tion, subcutaneously. 



times during some other investigation, and that they were preceded 
and followed by perfectly normal, hard, dry, well-formed scybala. 

a Bodium Solphato (NajSO^-l- lO HjO). — Twenty-four experiments 
were made; in eight of them only the twenty-fotir hour output was 
inspected and weighed ; in the other sixteen the amount and char- 
acter were determined more frequently. The amount injected, irre- 
spective of the size of the amimal, was 15 cc, and the solutions 
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used were 4 per cent (^) and 25 per cent in strength. In none of the 
series was purgation noted; and by purgation is here understood the 
passage of soft and unformed faeces in amounts exceeding that which 
normal animals might conceivably pass. Many of the animals showed 
a constipation after the injections. The specimen series on the pre- 
ceding page will illustrate these statements. 

* Sodium Plio»plimio"(NajHP04 + '^ H3O). — Only eight experi- 
ments were made, the solution used being '^ (4.5 per cent)., 

February 19, 





1,5 hours alter 
injectior,. 


Tolal. 


Total, 
24 hours. 


Rabbit 3 .... 
Rabbit 4 .... 
Rabbits .... 
Rabbit6 .... 


faeces. 
20 gm.; dry. 
8gm.; dry. 
8gm.; dry. 


Igm.; dry. 
31 gm. ; dry. 
9gin.; dry. 
Sgm.; dry. 


18em,i a few 
aott pellets. 
61 gm. ; dry. 

22 gm.; dry. 

Z6gro.; dry. 









1 hour after 

injection. 


Total, 
6 hours. 


Total, 
24 hours. 


Rabbit 13 . . . 
Rabbill4 . . . 
Rabbit IS . . . 

Rabbit 16 . . . 


male 

male 
male 

male 




10 gm.; dry. 



afewpelleUi 
dry. 



13 gm.; dry. 
1 gm, ; dry. 
2gm,;dry. 


16 gm.; dry. 

34 gm.; some un- 
formed masses. 
14 gm,; dry, 

6gm,;dty. 


IScc 


(4ip«r 


ent) sodium phos 


phate, subcutanet 


usiy. 



In this series No. 14 passed some unformed fxces between six and 
twenty-four hours after the injection; the pellets passed before this, 
during the first six hours, were normal in appearance and consistency, 
and the amount not greater than occasionally found in controls (see 
Rabbit 6 in table of February 15). As this occurred in only one 
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rabbit out of eight, and as normal rabbits now and then pass unformed 
masses, it seems permissible to assume that the sodium phosphate 
had nothing to do with the purgation. 

No. 4 shows an exceptional output, especially during the first five 
hours; there was no purgation, however, for the pellets were dry and 
well formed. 

c Sodiom Citmt*. — Only four experiments were made. 

Februakt 20. 





One hour after injection. 


Tot»l, 
3 hours. 


Total, 21 hour.. 


Rabbit 1 . . . 
R.bbit2 . . . 
Rabbit 7 . . . 
Rabbits . . . 


9 gm. ; a few »oft pellet*, 

othen dr; aod hard. 
7gm.;dry. 

IJgra.; a few soft pelleti. 


12 gm. 

7gn.. 

10 gm. 




31 gm.:.ome pel- 
leu aof 1. 
37 gm, ; dry. 

31 gm.; a few .0(1 

pelleu. 
26gm,[dry, 





No purgation occurred ; the few soft pellets which were found in 
the output of two rabbits (Nos. i and 7) may be considered normal. 

d Magnealmn Snipluite (MgSO^ + f H3O). — In a previous commu- 
nication' it has been pointed out on the basis of a large series of 
experiments that the subcutaneous injection of 25 per cent solutions, 
in 9 to 15 c.c. doses, produced in no instance purgation. It was 
therefore not considered necessary to repeat these experiments. 

The Effect of Imtravenous Injections upon Purgation. 

Practically, all the rabbits used in the sodium sulphate and phos- 
phate series received the injection into the ear vein. In the magne- 
sium sulphate series the solutions were given through the jugular 
vein. 

a Soaima aalphRttt. — See next page. 

These experiments show clearly that the intravenous injection of 
sodium sulphate, in the doses and concentrations mentioned, does not 
produce purgation ; on the contrary, seven out of the eight experi- 
owntl show a definite constipation lasting at least six hours, which 
miv legitimately be ascribed to the action of the salt injected. 
* Meltzer and Auer : This jourDal, 1905, xiv, p. 366. 
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lit hour. 


Zd hour. 


Total, 
6 hours. 


Total, 
25 houra. 


Rabbit 13 . . . 
Rabbit 14 . . . 
Rabbit IS . . . 
Rabbit 16 . . . 






2gm.i lioEt 

pellet. 










1 dry pellet. 


4Em.; dry. 


20gm.;d,y. 

lgm.idry. 

4gm.; dry. 
26gm.idry. 


2 c.c. 7 (4 per cent) sodium sulpbale, intravenously. 





1st hour. 


Toul. 

4 hours. 


ToUl. 
7 hours. 


Total. 
24 hour*. 


R.l«tl3 . . . 
Rabbit 14 . . . 
Rabbit 16 . . . 
RabWtIS . . . 






A few dry pet 
lets. 







7gm.; dry. 




1 gm. ; dry. 


8.5 gm.; dry. 



9 gn>- ; dry- 


10.5 gm,; dry. 
llgm.idry. 





b Bodinm PhMphau. — See next page- 

The result of the series of March 8th is perfectly clear : a constipa- 
tion which lasted at least six hours ; that of the March 7th series 
requires a few words of explanation. Rabbits 14 and 16 passed soft 
masses within twenty minutes after the injection of the phosphate 
into the ear vein. These masses were composed of discrete, small, 
soft, caked together pellets. The early appearance of these masses, 
their form as agglomerations of small, soft pellets, the passage of 
perfectly dry, hard, and well-formed pellets in good quantities after 
some hours, all seem to point to the assumption that these soft 
masses were present in the colon of the animals before injection of 
the salt into the circulation. 
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^hour 
total. 


During 

3d hour. 


During 

4th hour. 


During 

5th hour. 


Rabbit 13 . . . 
Rabbit 14 . . . 

Rabbit 15 . . 
R»bbiH6 . . . 




'Si""' 




A few dry 

pellelx, 
A few soft 
pellets. 





A few dry 

pellets, 
A few dry 
pellets. 


1 soft pellet. 
12gm,;dTy. 

8gm.; dry. 

5 gm. ; a few 
soft pellets. 




Totai, 
5 hours. 


Total, 
23 hours. 




Babbit 13 . . . 
Rabbit 14 . . . 
Rabbit 15 . . ; 
Rabbit 16 . . . 


1 soft pel- 
23 gm- 

8gm. 
14,5 gm. 


22 gm. 

23 gm. 

24 gm. 
45 gm. 


Fsces passed after the fifth 
hour were all dry and well 
formed. 


2 c.c, I (4,5 per cent) sodium phosphate, intravenously. 





1 hour. 


Total, 

5 hours. 


Total. 
6 hours. 


Total, 
24 hour*. 


Rabbit 9 . . . 
Rabbit 10 . . . 
Rabbit 11 . . . 

Rabbit 12 . . . 



















3 gm. ; dry. 



12gm.i dry. 


22 gm. ; dry. 
22gm.i dry. 


2 c,c, J (4.5 per cent) sodium phosphate, intravenously. 



c MagiiABliim Sulpbate. — In a series of experiments already pub- 
lished^ most of the rabbits showed no sign of purgation ; the fccces 
passed during observation (two to four hours) were dry, and small in 

' Meltzer and Auer : This journal, 1906, xv, p, 387. 
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amount. A few passed small quantities of caked pellets. The mag- 
nesium sulphate was injected into the jugular vein, the concentration 
ranging between 1.7 per cent and 25 per cent, the amount between 
1 and 80 c.c. As this series was quite extensive (49 rabbits); no 
further experiments were made with this salt. 

The Effect of Subcutaneous and Intravenous Injections 
UPON Peristalsis. 

The rabbits were narcotized, usually ty morphine bydrochlorate ; 
I to 2 c.c. of a I per cent solution proved amply sufficient when in- 
jected subcutaneously, though in some instances 5 c.c. were used. 
In a few experiments the animals were kept lightly under ether, or 
magnesium sulpb'ate, 1.5 grams, per kilo body weight, was injected 
subcutaneously. After analgesia had set in, the abdomen was opened 
in the median line from the ensiform process to the pubis, and the 
abdominal flaps held apart by means of hooks. As some of the 
experiments were carried out without using a saline bath, the exposed 
gut was covered with absorbent cotton cloths saturated with 0.9 per 
cent salt solution at 39" to 40° ; loss of heat was prevented largely by 
wrapping the animal in cotton and by frequently renewing the warm 
cotton covering the intestines. In others the abdomen was opened 
under saline solution at 39° to 40°. No glass plate was used to 
cover the gut in order to rule out this source of possible stimulation. 
As the loops floated more or less on the surface of the saline solution, 
the exposed surfaces were moistened frequently. The caecum being 
so large in rabbits, a moderate dislocation of this organ was fre- 
quently necessary in order to bring the duodenum and transverse 
colon into view; the descending colon was seen only exceptionally; 
the ascending colon, and practically the entire caeca! loop were always 
visible. 

During the experiment the gut was handled as little as possible, 
for it was found that any manipulation of the intestines usually 
induced or increased the movements. 

The salts tested were injected subcutaneously, either in the thigh 
or pectoral region ; moderate massage was used to aid the absorption 
of the injected fluid; the amount injected was usually 15 c.c. of 
an ^ solution. When given intravenously, either the lateral ear vein 
or the jugular vein were used, the dose ranging between i and 10 c.c. 
of an '^ solution; with magnesium sulphate a 25 per cent solution 
was invariably employed. 
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Twenty experiments were made in all. As the different salts, with 
the exception of magnesium compounds, produced in the main appar- 
ently the same effects, one description will suffice. When injected 
subcutaneously there usually occurred within fifteen to forty minutes 
an increase in the movements of the small gut. This did not begin 
everywhere at the same time. The duodenal loop usually showed the 
increase first, later the jejunum and ileum. The movements were of 
the pendular type, and were never as active in the lower small intes- 
tines as in the duodenum. No peristalsis of the caecum was ever 
seen in this series; the ascending and transverse colon occasionally 
showed some moderate peristaltic waves; the descending colon was 
only seen when distended with gas, and then strong peristaltic waves 
swept down this portion of the gut before the injec.tion of the purga- 
tive saline, the incorporation of the salt not noticeably increasing the 
motion. Associated with the increased pendular movements of the 
duodenum, this portion of the canal became fuller and rounder, due 
to a liquid material.' As this material gradually traversed the duo- 
denal circuit and passed into the upper loops of the small intestine, 
distending them moderately, the swaying motions of these loops 
became more marked. This filling of the duodenal loop was fre- 
quently observed; it took place gradually, and was apparently inde- 
pendent to some extent of any action exerted by the saline injected. 
After one to two hours the liquid usually reached the upper loop of 
the jejunum, distending the flattened, tape-like coils of this part of 
the gut, the distension definitely increasing the motions. 

As already stated, the chief type of motion noted in the small 
intestine was the swaying pendular one. Strong constrictions were 
seen at times, but these remained local and relaxed swiftly; they 
were possibly due to some local irritation. If the gut was practi- . 
cally empty and collapsed, a condition frequently found in the lower 
small intestine, the injected saline usually caused a moderate squirm- 
ing, vermicular motion of some of these flattened loops, not of all. 
This motion became pendular as soon as the loops were distended. 
These gut movements, produced by the subcutaneous injection of sa- 
lines (sodium sulphate, sodium phosphate, sodium citrate), were by 
no means continuous; periods of activity alternated with periods of 
almost absolute rest. Nor did the entire gut move at the same 
time; the duodenum might, for instance, show active pendular 
movements while the lower small intestine was quiet, or the jejunum 
' MacCalluh : This journal, 1904, x, p. 263. 
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might exhibit good pendular swaying with little or no motion in the 
ileum. 

The duration of the intestinal motions produced was difficult to 
estimate, but it may be stated that their vigor was usually perceptibly 
diminished an hour after the onset. 

The intravenous injection of 2 to 6 c.c. of the solutions bad the 
same eflfect upon intestinal movements as their subcutaneous incor- 
poration ; the increase, however, occurred much earlier, usually a few 
minutes after the injection, and the duration of these increased 
motions was much shorter, about ten to fifteen minutes. During 
this time the gut was not continuously active, but periods of good 
pendular movements alternated with periods of rest. 

Attempts to increase intestinal activity by summation of saline 
action were not successful; the effect of a subcutaneous injection of 
15 cc. of ^ sodium sulphate solution was not increased, at least, not 
in vigor, by a subsequent injection of 15 c.c. sodium phosphate sub- 
cutancously ; the same result was obtained when sodium phosphate 
and sulphate were injected intravenously or when intravenous and 
subcutaneous injections were combined. 

It must be definitely understood that the increased intestinal mo- 
tions which have been described in no case even approached the vigor 
and effectiveness of the peristalsis induced by intravenous injection 
of physostigmin sulphate or barium chloride. The intestinal move- 
ments produced by the salines seemed ineffective to cause purgation, 
the more so, as the caecum with its stored up masses of soft material 
always appeared inert. That this impression proved correct has 
already been set forth. 

The intravenous injection of magnesium sulphate not only did not 
produce any peristalsis, but stopped whatever movements the gut 
showed. This effect will be considered more fully at another time. 

It seems hardly necessary to state that the intestines were always 
observed at least thirty minutes before any of the salts were injected, 
and the behavior of the gut during this period of time served as 
basis for judging the effect of the injection. 

These experiments show clearly that subcutaneous and intravenous 
injection of sodium sulphate, sodium phosphate, sodium citrate, and 
magnesium sulphate do not produce purgation, at least not with 
the doses employed. On the contrary, a definite constipation was 
caused in some of the series, especially with sodium sulphate. 

The movements of the small intestine, especially the duodenum. 
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were definitely increased by the subcutaneous or intravenous injection 
of the salts mentioned, magnesium sulphate excepted. The cxcum 
never exhibited any peristalsis under the conditions described. 

That the subcutaneous and intravenous injection of sodium sul- 
phate and magnesium sulphate does not purge is stated by most 
experimenters. Hay,^ in his monograph, modified this by noting 
that when the injections were made over the abdomen and caused 
irritation moderate purgation resulted. Thi-t has, however, not been 
corroborated by Ellenberger,^ nor by Eckardt.* Hay used only sodium 
and magnesium sulphate, but Eckardt employed sixteen different salts, 
among them sodium phosphate, lithium citrate, and the sulphates 
mentioned. A recent observer,' however, writes that "all those 
salts which act as purgatives when introduced into the stomach or 
intestine have the same action when injected subcutaneously or 
intravenously." MacCallum states that the purgative effect with sub- 
cutaneous injection usually occurs after one hour, that the amount 
passed in six hours is two to six times the normal quantity, and that 
the fa»:es are sometimes semi-fluid. No experiments are quoted, and 
no weights are given. The salts used included those employed in the 
experiments described in this paper; the dosage was the same. 
MacCallum's results, as far as purgation is concerned, are therefore 
in striking disagreement with those reached by Hay, Eckardt, and in 
this research. 

Concerning the effect of subcutaneous and intravenous injections 
upon visible peristalsis there can be no doubt, however, that Mac- 
Callum is substantially correct in his statement that peristalsis is 
increased. There is one exception, though, so far, to his general 
statement. ^Magnesium sulphate or chloride does not have this 
action. 

As already described, sodium sulphate, phosphate, and citrate 
definitely though moderately increase the movements of portions of 
the small gut, chiefly the duodenum ; occasionally the colon shows 
fair peristalsis; the csecura never showed any motility. MacCallum^ 
merely states that the intestines show strikingly increased motion, 

' Matthew Hay: Journal o£ anatomy and physiology, xvi, p. 593 ; xvii, 
pp. 64-67. 

' Ellenberger : Archiv fiir wissenschaftliche und praktische Thierheilkunde, 
xiii, p. 1. 

* P. A. Eckardt: Inaugural Dissertation, Giessen, 1905, p. 74. 

• J. 1!. MacCallum: This journal, 1903, x, p. 102, 
' MacCallum: Loc. ci/., pp. 102, 103. 
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witbout mentioning the different reaction of the various parts of the 
g«t. 

There are few references in the literature regarding the effect of 
subcutaneous or intravenous injections of salines upon visible peri- 
stalsis. Laborde ' saw increased peristalsis after injecting magnesium 
chloride intravenously, without subsequent purgation. Rabuteau^ 
obtained no increased peristalsis and no purgation after intravenous 
incorporation of the same salt. 

Summing up, it may therefore be said that the subcutaneous and 
intravenous injection of magnesium sulphate and chloride, sodium 
sulphate, phosphate, and citrate does not produce purgation in 
rabbits. Applied in the same way, these substances, with the ex- 
ception of magnesium salts, produce a moderate but definite increase 
in the peristalsis of parts of the gut. 

Magnesium salts injected subcutaneously or intravenously do not 
cause increased intestinal peristalsis in rabbits. The use of saltnes 
subcutaneously or intravenously, in human therapeutics, as suggested 
by MacCallum,* is not warranted by the experimental evidence. 

Peristalsis and purgation are not synonymous terms; increased 
peristalsis may occur during constipation (see sodium sulphate 
series) ; and Leubuscher,* among others, saw no increased peristalsis 
during purgation. 

It gives me pleasure to express my sincere thanks to Dr. S. J. 
Mellzer for suggesting this piece of work, and for his continued 
helpful interest during its progress. 

^ Labokde: Gazette hebddmadaire de m^ecine et de chinirgie, 1879, p. 352. 

* Rabuteau: Gazette medical, 1879, '^°- ^9- 

* MacCallum: Loc.cit.t'p. 109. 

' Leubuscher: Virchow's Archiv fiir pathologischc Anatomie, 1886, civ, 
p. 104. 
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ON THE INFLUENCE OF NEUTRAL SALTS UPON THE 
RATE OF SALIVARY DIGESTION. 

Bv JANE BOIT PATTEN and PERCY G. STILES. 
[Frmi Iht PhytiU^al Lahralory of the MaiiaihustUs lialituli of Ttchnelegy.'^ 

THE conditions which favor or retard the action of enzymes 
have been much studied, but much remains to be done before 
general statements can be made. The number of enzymes already 
known and their wide divergences of behavior compel the investigator 
to specialize narrowly, and warn him that his findings may not be 
applied in other cases than those actually studied. A great collection 
of data concerning these matters is to be desired. The influence of 
reaction upon many enzymes has been observed with care, but the 
effect of neutral salts, particularly in high concentration, has been 
very scantily recorded. 

In this paper the authors present the general results of about six 
hundred comparative trials in which the influence of some common 
neutral salts upon the rate of starch digestion by ptyalin was tested.. 
The relation of this enzyme to acids and alkalies has been thoroughly 
worked out. The principal experiments'concerning neutral salts 
have been performed by GrUtzner,^ by Kubel,' and by Cole.* In all 
cases attention has been directed mainly to the effects produced by 
somewhat minute quantities of salts. 

It is of great interest to ascertain how far there is any parallel 
between the influence of various salts or ions upon the Activities of 
living protoplasm, and that which they exert upon the performance 
of enzymes. We know that there is such a similarity in the case of 
salts like the cyanides, which are extremely toxic, or those which 
obviously change the state of aggregation of proteids, like compounds 
of mercury and copper. But we find it hard to trace such resem- 

' GrOtzker : Archiv fiir die gesammte Physiologie, 1902, xci, p. 195. 

* KtifiEL: Archiv fur die gesammte Physiologie, 1899, Ixxvi, p. 276. 

* Cole : Journal of physiology, 1904, xxx, p. 302. 



..Google 



Influence of Neutral Salts upon SaHvary Digestion. 27 

bUnces among the metals of the alkali, and alkaline earth groups. ~ 
In other words, we see no reason to believe that an optimum mixture 
of salts for the preservation of protoplasm (i. e., a Ringer's mixture), 
will be an optimum solution for enzyme action, though it would not 
be strange to find tt so. 

It has been a common observation that most salts in small quan- 
tity accelerate the digestion of starch by ptyalin, but that all salts in 
higher concentration retard it more or less. Cole has shown that this 
accelerating action is very striking when the starch paste and saliva 
used as a control are both dialyzed. The ferment is comparatively 
inert until the electrolyte is supplied. When the starch and saliva 
are not subjected to dialysis it must be recognized that we do not 
begin with a salt-free mixture. Enough electrolytes may be present 
in the control to insure a maximal speed o£ hydrolysis, and when we 
add more and more we may see merely a progressive slowing. In 
other cases we may still observe an acceleration with the lower con- 
centrations. As we did not dialyze our materials we always began 
with exceedingly active mixtures, and saw much less than did Cole of 
the acceleration phase. 

There is one difficulty attending all experiments of this kind which 
must be borne in mind. This is the probable alteration of the starch 
by the salts, especially when the solution approaches saturation. 
Cole has pointed out that the slowing of digestion may not be due 
wholly to the restraint of the enzyme, but also to the incipient pre- 
cipitation of the starch. This factor becomes important when such 
sflts as ammonium sulphate and ammonium nitrate are used. These 
salts notably increase the opalescence and the settling of starch, and 
correspondingly delay its digestion. A general survey of our results 
leads to the belief that, if we except these ammonium salts, we need 
not assign a large place to this secondary influence. If it were a 
prominent one there should be other cases in which the digestive 
action is somewhat suddenly checked as the concentration increases. 
The fairly even sweep of the descending curve favors rather the idea 
that the salt mainly affects the enzyme and not the starch. Another 
fact which points in the same direction is the superior retarding 
power of some monovalent salts (e. g., lithium chloride) as compared 
with certain divalent salts {e. g., calcium chloride). The effect upon 
colloids is supposed to be a function of the valency.' 

The extreme sensitiveness of ptyalin to H and OH ions is in 
' Hardy and Whetbam : cited by Cole, he. eii. 
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marked contrast to its tolerance of many salts. It is accordingly 
necessary to have a neutral solution, or at least one of a constant 
reaction throughout each series of trials. Our usual procedure has 
been to salt the starch, then acidify with one or two drops of 
hydrochloric acid, shake with a little powdered calcium carbonate, 
and then to add the saliva, thus making the mixture neutral or very 
weakly alkaline. Of course the use of many salts, like those of iron 
and aluminum, is interdicted, because we cannot obtain neutral 
solutions. 

The retarding effects which we observe with neutral salts are not 
due to the progressive destruction of the enzyme but to its inhibition. 
This point was readily determined. For if we keep salted saliva for 
twenty-four hours, or more, we lind it about as active as saliva which . 
has but just received the addition of tbe salt. Moreover, salted saliva 
may be made more active by dilution or by dialysis. 

In the routine of our experiments we made use of a paste of arrow- 
root of one per cent strength. For each trial 20 c.c. of paste was 
placed in a beaker. In some cases we dissolved in each beaker a 
weighed quantity of salt. In other instances we saturated a large 
volume of starch-paste and mixed the saturated paste with unsalted 
paste in the proportions required to carry out the series. To each 
sample was added 5 c.c. of dilute saliva. It was found desirable 
to have the beakers of a uniform size, for the digestion seeras to 
be hastened when the surface exposed to the air is increased. The 
starch and saliva were stirred together for a few seconds, and then 
as a rule the beaker was not touched except to dip from it at fre- 
quent intervals drops for the iodine test. At one period in our 
work we changed our practice and placed our beakers in a cradle 
shaken by clock-work. This seemed to make no difference in the 
relative results, and we abandoned the plan. The end-point was re- 
corded, as in Cole's work, when the color of our iodine solution was 
no longer deepened by tbe addition of the digesting mixture. 

The original records were of the times elapsing between the pour- 
ing in of the saliva and the disappearance of the erythrodextrin color. 
For convenience in tabulating we reduced these to the form of rate- 
values. In each series we have represented the speed of the control 
(t. e., the reciprocal of the time) by 100, and calculated the relative 
speeds of the salted mixtures as compared with this standard. In 
the table below we present the general facts in regard to the influence 
of several salts upon the rate of salivary digestion. The salts which 
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retard less are placed above those which have a more marked ham- 
pering effect. But the order cannot be quite fixed, for it is not the 
same at different concentrations. 

In addition to the trials summarized in the table, we made some- 
what less accurate experiments with several other salts. Among 
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these were magnesium chloride, the benzoates of ammonium, sodium, 
and potassium, and the formates of ammonium and sodium. Ammo- 
nium sulphate and ammonium nitrate were tried but set aside because 
of their peculiar effect upon the starch noted above. 

Examining the data expressed in quantitative form in the table, and 
referring to the additional notes which are rather qualitative in their 
nature, we may call attention to the following facts. 

I. Ptyalin does its work with surprising ease in the presence of 
many salts in high concentration. This is even the case with some 
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saturated solutions, notably those of magnesium sulphate and ammo- 
nium chloride. Griilener stated that magnesium sulphate and sodium 
sulphate are specific poisons for ptyalin, but Cole failed to confirm 
tbis, and we saw no sign of such an action. 

2. The most striking instances of accelerating effects were obtained 
with salts of magnesium, calcium, and barium — belonging to a natu- 
ral chemical group. But with increasing concentration these salts 
diverge in their behavior, and calcium chloride at last restrains the 
enzyme, which never becomes true of magnesium sulphate. 

3. When we compare the retarding influence of salts of ammonium, 
potassium, and sodium, we find the ammonium compound much less 
active in checking the digestion than either of the other two. There 
seems to be no marked difference between the sodium and the 
potassium salts. Sodium chloride retards somewhat more than does 
potassium chloride, and this order holds for the sulphates, but seems 
to be reversed for the benzoates. 

4. Comparing the halogen compounds of potassium we find for the 
stronger solutions the same order which Griitzner and Kiibel estab- 
lished for the lower concentrations, namely, that the chloride retards 
less than the bromide which in turn retards less than the iodide. 
Here we should refer to Griitzner's observation, that the fluoride dis- 
tinctly accelerates the amylolytic action at every stage up to satura- 
tion (which with sodium chloride is reached at a concentration of ^). 
The favorable influence of the fluoride is unexpected, since it is gener- 
ally considered the most poisonous of the halogens toward protoplasm. 

5. Another anomaly appears in the almost complete inhibition of 
the enzyme by lithium chloride in moderate amounts. This salt is 
probably the most harmless of all foreign compounds toward certain 
living tissues, but it checks starch digestion almost as quickly z% 
copper sulphate. 

We made a considerable number of parallel experiments in which 
the commercial Taka-diastase was employed instead of saliva, Taka- 
diastase is prepared from the mould, Aspergillus oryzse. It is a 
powerful agent, and in most cases we found it even more resistant 
than ptyalin toward neutral salts, but we cannot say whether this 
resistance is a property of the ferment or whether it is due to pro- 
tective materials accompanying it. Organic matter of many kinds 
lessens the sensitiveness of ptyalin to acid,' and may well increase its 
tolerance for neutral salts. 

1 Cole : Lm. eit-, p. 206. 
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The authors conclude this research with an increased sense of the 
individuality of ions, and of the difficulty of explaining their proper- 
ties by mathematical functions. In our experiments we have used 
but one salt at a time. It is suggested that a study of variously 
proportioned mixtures of two or more salts as affecting the rate of 
enzyme action should be very fruitful of information regarding " toxic 
and antitoxic " characters. 
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THE COMPOSITION OF BONE IN OSTEOMALACIA.^ 
By FRANCIS H. McCRUDDEN. 

[From the Laiaratory ef BMBgical Cktmistry of tht Harvard Mtdical ScAtmlJ] 

THE pathological changes which occur in osteomalacia are still 
the subject of dispute. Most pathologists, including Virchow, 
have considered the bone changes in this disease to be essentially 
halisteresis, — that is, solution of the inorganic constituents of bone, 
— resembling the chemical processes which occur when bone is 
placed in acid. On the other hand, Cohnheim has declared that the 
process consists of, first, the taking up of bony tissue, including organic 
and inorganic constituents alike, by osteoclasts, and then the laying 
down of new osteoid tissue. According to Cohnheim, the bones are, 
until well past adolescence, the seat of an uninterrupted and coinci- 
dent apposition and absorption of material, and in the case of osteo- 
malacia, as well as in rickets, the osteogenic substance laid down is 
free from Ume.^ Von Recklinghausen's discovery of osteoblasts in 
the osteoid tissue of osteomalacia' is in accord with Cohnheim's 
theory and lend^ considerable weight to it. 

The author, in considering the results of his investigations of the 
metabolism in osteomalacia,* decided that in this disease there is 
absorption of the bony tissue, and apposition of new tissue which, 
unlike normal bone, is poor in lime and especially rich in magnesium, 
and also in an organic substance containing much sulphur and little 
phosphorus, — a substance somewhat similar in its chemical compost- 

' The expenses for the analyses were contributed in part by the Procter Fund 
for the Study of Chronic Diseases, 

' O. Cohnheim : Lectures on General Pathology, translated by A. B. McKee, 
1889, ii, p 632. 

' ViERORDT; Osteomalacic, in Nothnagel's Speeielle Pathologie undTherapie, 
iil, pt. 2, p. 123- 

* GoLDTHWAiT, Painteb, and Osgood and McCrudden : This journal, 1905, 
xiv, p, 389. 
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tion to the normal organic matrix of bone. Tbis theoretical conclusion, 
which does not essentially depart from Cohnheim's view, it was tbe 
object of the following investigation to test. 

Pieces of two horse ribs which had been affected by the character- 
istic changes of osteomalacia were analyzed, the analysis including 
determinations of the sulphur and phosphorus content which seemed 
to be absent in other similar investigations, and for comparison pieces 
of two normal horse ribs were similarly analyzed. 

Tbe percentage compositions were as follows: 
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Evidently, in this case of osteomalacia there is a decrease in the 
calcium contents of the diseased bone and an increase in its mag- 
nesium contents, results which confirm the older analyses.^ There is 
also an increase in the sulphur contents and a decrease in the 
phosphorus contents, — facts previously unobserved. The inorganic 
material of the bone as a whole is diminished in amount. 

Clearly these facts arc in complete accord with the indications of 
the author's metabolism investigations, and with Cohnheim's theory 
which is based upon anatomical evidence. At the same time they 
weigh against the theory of simple halisteresis, in that, while the 
calcium is relatively but slightly diminished, some forty per cent, 
the magnesium and sulphur are relatively very considerably increased, 
some three to four hundred per cent in these two samples of bone. 

It seems, then, highly probable that in osteomalacia at least two 

* ROLOPP : ViRcaow's Archiv, xxxvii, 433 ; Huppert : Archiv der Heilkuode, 
1866, 1S67, viii, 345; Chabri£: Les ph^DomSne chiraique de Tossificalion, Paris, 
1895, p. 65. 
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processes occur En the diseased bone, — the one an absorption of 
calcium and phosphorus, and the other an apposition of magnesium 
and of material, probably organic, which is rich in sulphur. 

The author wishes to express his thanks to Dr. W. F. Whitney, 
Curator of the Warren Museum, for allowing him the use of the dis- 
eased bone, and fb Prof. William T. Councilman, who examined the 
specimen microscopically and pronounced it to be osteomalacia. 
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THE RATE OF DIFFUSION OF THE INORGANIC SALTS 
OF THE BLOOD INTO SOLUTIONS OF NON-ELEC- 
TROLYTES AND ITS BEARING ON THE THEORIES 
OF THE IMMEDIATE STIMULUS TO THE HEART 
RHYTHM. 

By WILLEY DENIS. 
[From tht HttU FAyiielegieal Laioratcry of lie Univtrsify ef Ciic^go.] 

IT has been shown by Carlson^ that the heart ganglion of Limu- 
lus, when isolated from the heart muscle at the posterior end of 
the heart, though still in connection with the muscle at the anterior 
end, will continue in activity in an isotonic (grant-molecular) solution 
of cane sugar from sixty to ninety minutes, while in a bath of gram- 
molecular glycerine solution the ganglionic rhythm ceases in from five 
to ten minutes, and with a gram-molecular urea solution in from two 
to three minutes. The above results are taken from values obtained 
with ganglia in good condition. When the initial condition of the 
ganglia is poor, viz., the rhythm alow and irregular, a standstill is 
obtained in a much shorter time. Carlson has pointed out that the 
above results tend to support the view that the blood salts form only 
the condition, not the cause, of heart activity, and that " the imme- 
diate stimulus to the rhythm is some substance or process within the 
cells themselves." The theory is, therefore, put forward that the non- 
electrolytes (cane sugar, glycerine, urea) by diffusion into the tissue 
may alter the permeability of the cell wall, and by diffusion into the 
cells themselves alter the equilibrium relations of the cell contents. 
Further, the diminished concentration of the electrolytes in the inter- 
cellular spaces probably causes a diffusion of the electrolytes out from 
the cells, thus causing a further departure from the normal condition of 
the automatic tissue. The above interpretation emphasizes the im- 
portance of the direct action of the non-electrolytes on the automatic 
tissues in bringing about the cessation of rhythm. The view that 

• Carlson: This journal, 1906, xvi, p. 221. 
35 
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the standstill of the heart in isotonic solutions of non-electrolytes is 
directly due to the dilution of the blood salts, requires that the rate of 
diffusion of these blood salts into solutions of sugar, glycerine, and 
urea be directly proportional to the length of time that the heart 
continues in activity in these non-electrolytes. It has been shown by 
Arrhenius ' and also by Abegg^ that the diffusion of aqueous solu- 
tions of electrolytes through aqueous solutions of non-electrolytes, 
is slower than when the ditfusion takes place through water, and in 
general, the more non-electrolyte or electrolyte added to the solu- 
tion through which the diffusion takes place the slower will be the 
rate of diffusion. Further, it has been shown by these chemists that 
on adding a non*electrotyte or an electrolyte to water the rise in vis- 
cosity and the retardation of diffusion of an aqueous solution of an 
electrolyte through the liquid are roughly proportional. 

As no data concerning the rate of diffusion of the salts of the blood 
through gram-molecular solutions of cane sugar, urea, or glycerine 
were available, I have, at the suggestion and under the direction of 
Professor Carlson, made a number of measurements of the relative 
rate of diffusion of normal solutions of sodium chloride, potassium 
chloride, calcium chloride, and magnesium chloride through'gram- 
molecular solutions of the above non-electrolytes. 

As only relative results were sought, no attempt was made to work 
under constant temperature conditions. During the course of the 
experiments which were conducted during a period of several weeks, 
the room temperature varied from 22.5" to 30° C. In every determina- 
tion carried out by the second method, at least three duplicates were 
made and the average value used. 

The two methods employed were: First, Scheffer's' modifica- 
tion of Graham's original jar method. The inner cylinders employed 
were 8 cm. high by 2.^ cm. wide; the outer cylinders were 50 cm. 
high by 9 cm. wide. From sixty to seventy cubic centimetres of the 
normal salt solutions were run into the inner cylinder by means of a 
burette, and 2000 c.c. of the liquid through which the ditfusion was to 
take place was slowly run into the outer cylinder through a finely 
pointed siphon. The normal salt solutions used were prepared from 
chemically pure material, and were standardized by titration with 
standard four-tenths nitrate of silver, using potassium cbromate as indi- 

> Arrhbkius: ZeitschriftfUrphysikalische Cbemie, i8ga,>,p. 51. 
* Abegg: Ibid., 1893, xi, p. 248. 
. • SCHBFFEK : Berichte der deutschenchemischen Gesellschait, 1882, xv, p. 788. 
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cator. When the experiment was complete, a glass plate fastened to 
a rod was slipped over the mouth of the inner cylinder, the whole 
removed from the outer cylinder, carefully rinsed with distilled water, 
and the contents of the inner cylinder made up to a volume of 
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250 c. c, aliquot portions of which were then titrated with four-tenths 
nitrate of silver, using potassium chromate as indicator. 

The results obtained by this method are shown in Table I. 

In the second method used glass tubes 204 cm. long and .7 cm. 
wide were employed. At either end the tubes were bent at an angle 
of 90° and fastened horizontally to a stone shelf supported by 
masonry. The horizontal portion of the tube being completely filled 
with the solution through which the diffusion was to take place, 5 c.c. 
of the normal solution of the salt under investigation was slowly 
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poured in at one end of the tube by means of a finely pointed pipette, 
and at the other end about 2 gr. nitrate of silver in the form of 
crystals was added. This method was su^ested by Carlson. The 
formation of silver chloride when the foremost ions of the diffusing 
salts meet takes place at first in the form of a line not more than 
■5 m.m. broad, so that the end point obtained is very definite. The 
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>. Solution which diAused (normal tolutioD used in every case). 

b. Solution through which diffuaion toolt place (gram-molecular solution u»ed 
in every caee). 

c. Rate of diffusion as compared to the rate of diffusion of normal MgCI, through 
gram-moiecuiar cane sugar, this value being taken as equal to 1. 



time of diffusion was taken as the period elapsing between the ad- 
dition of the salt solution and the first appearance of the white 
precipitate. The distance of diffusion was measured as the space 
between the point on the tube at which the precipitate first appeared 
and the point to which the tube was filled before adding the salt 
solution. 

The results obtained are given in Table II. 

The above results are therefore not contradictory to the view that 
the more rapid cessation of the heart rhythm in isotonic urea solu- 
tions as compared with the results obtained with solutions of cane 
sugar is directly due to the relatively rapid diffusion of the blood salts 
out from the intercellular spaces when the heart is immersed in the 
urea solution. On the other hand, according to the theory of Carlson, 
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the rate of diffusion into the tissues of the non-electrolyte composing 
the bath forms an important factor in regard to the length of time for 
which the ganglionic rhythm may be continued. We know that 
through water, at least, urea diffuses at a much more rapid rate than 
does cane sugar, while the rate of diffusion of glycerine occupies a 
more or less intermediate position. Nernat ' has pointed out that the 
resistance to diffusion increases with increasing molecular weight, and 
has further calculated the absolute force of diffusion K into water for 
cane sugar and for urea, using the cocfhcient of diffusion for the latter 
substance as measured by Scheffer^ and for cane sugar the coefficient 
of diffusion k calculated by Stefan ^ from Graham's measurements. 
The values calculated by Nemst are as follows: 



Urea 7.3" 0.810 2.5 X io» Kg. 

Cane sugar . . . 9.0" 0.312 67.0 x 10* Kg. 

In this connection the experiments of Hedin * should be mentioned 
as showing clearly the more rapid diffusion of isotonic solutions of 
urea through dead animal tissues as compared with the rate of 
diffusion of isotonic solutions of cane sugar. 

In Hedin's experiments solutions of cane sugar, glycerine, and urea 
were allowed to diffuse through portions of the excised intestines of 
cows from which all fat and as much as possible of the serous coat 
had been removed and which had been soaked over night either in 
isotonic sodium chloride or mannite solution. In order that the cells 
of the tissue might not be injured the outer liquid used for experi- 
ments with non-electrolytes was isotonic sodium chloride, for ex- 
periments with electrolytes isotonic (five per cent} mannite. Hedin's 
results are given in Table III. 

There appears, then, to exist some direct relation between the rate 
of diffusion of the blood salts into these non-electrolytes and the 
length of time the heart rhythm is maintained in isotonic solutions of 
the same. On the other hand, there appears to exist a similar direct 
relation between the rate of diffusion of these non-electrolytes through 
water or dead animal membranes and the rapidity with which they 
bring the automatic heart ganglion to a standstill. These facts make 

1 Nernst : Zeitschrift fiir physikaliache Chemie, 1S88, it, p. 613. 

* Scheffer: Ibid., p. 401. 

* Stefan: Wiener Si tzungsberichte, 1879, Ixxix, p. 161. 

* Hedch : Archiv fijr die gesammte Physiologie, 1900, Ixxviii, p. 205. 
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it impossible on this line of inquiry to determine whether the stand* 
stitl of the heart in isotonic solutions of these non-eleptrolytes is due 
to the dilution of the inorganic salts in the plasma sarrounding the 
cells or to a direct action of the non-electrolytes on the automatic 



TABLE rii. 



Diffu»ii« into 0.9S per cent N=.CL 


Diffusing into OS per cent mannite. 


Sub»t»nce diffusing. 


Permeability. 


Substance diffu^g. 


PermeaiWlity. 


Cane sugar .... 

Glycerine 

Ureal 


1-00 
1.20 
1.48 


KCl 

N>C1 

CaCl 

K,SO 

MgSOi 

NatSO« 


1.92 
1.7S 
\M 
1.44 
1.93 
131 



tissue, the latter view being the one especially emphasized by Carlson. 
That the dilution of the electrolytes in the plasma surrounding the 
automatic cells is not the only factor in causing the cessation of the 
heart rhythm in solutions of non-electrolytes appears to be clearly 
shown by Carlson in the fact that the heart ganglia in good condition- 
continue in activity in the sugar solution for a muc}i longer time than 
the ganglia in poor condition. This difference in the reaction of the 
hearts must, in part at least, be referred to differences in permeability 
of the automatic cells to the n on -electrolytes as well as to the' sub- 
stances within the cells themselves. It is obvious, however, that this 
does not amount to a demonstration, as the heart in poor condition 
may have a relatively lower excitability and may in consequence be 
brought to a standstill in a less dilution of the blood salts than hearts 
in good condition, assuming that these blood salts constitute the 
immediate stimulus to the rhythm. 

In conclusion, attention is called to the fact that in my own results 
as well as in those of Hedin, there is a noticeably more rapid rate of 
diffusion of the primarily stimulating salts, sodium chloride and 
potassium chloride, as compared to the rate of diffusion of the 
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depressor salts, viz., the chlorides of calcium and magnesium,' which 
would suggest that the stoppage of the Limulus heart ganglia in 
isotonic solutions of non-electrolytes may in part be due to the rela- 
tively greater concentration of the salts of calcium and magnesium in 
the cells and intercellular spaces. 

' Caklsom: This journal, 1906, xvi, p. 378. 
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ADRENALIN GLYCOSURIA, AND THE INFLUENCE OF 
ADRENALIN UPON NITROGENOUS METABOLISM. 

By frank p. UNDEKHILL and OLIVER E. CLOSSON. 
IJ'i-cm tie SieJSeld LaiaraXoty ef PkysMogieal Chtmislry, Yaic Univeriily.l 

OF the more recent investigations dealing with the nature of 
adrenalin glycosuria may be cited the work of Noel Paton,^ who 
has concluded that the character of the nitrogenous metabolism in 
this experimental condition is closely allied to that occurring in 
ordinary diabetes. 

V. Noorden ' has demonstrated that in diabetes in man there may 
be a significant rise in the ammonia of the urine due to the production 
of acidosis resulting from the increased formation of various acids. 
Paton has carried out experiments with the rabbit and dog in which 
the relation of urea nitrogen and ammonia nitrogen to the total 
nitrogen has received especial attention. He found that after the 
subcutaneous introduction of adrenalin there is a markedly increased 
production of ammonia at the expense of urea, that the sugar is not 
entirely derived from the breaking down of proteids ; that on an in- 
sufficient diet the decomposition of proteid is markedly increased, and 
concludes that " the proteid metabolism under adrenalin thus behaves 
as it does in ordinary diabetes." 

I. The Influence of Subcutaneous Injections of Adrenalin 
Chloride upon Nitrogenous Metabolism in the Dog. 
In an earlier paper ^ from this laboratory it was pointed out that 
the mechanism of adrenalin glycosuria is somewhat different from 
that produced by a diversity of other drugs. In the present investi- 
gation the influence of adrenalin upon the distribution of various 
urinary forms of nitrogen has been repeated with the dog. 

I Paton : Journal of phywology, 1903, xix, p. 286. 

* V. Noorden : Pathologic des Stoffwechsels, Berlin, 1893. 

» Ukderhill; Journal of biological chemistrj, 1905. ii P- "S- 
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Full-^rown bitches kept in the usual metabolism cages were fed 
upon a fixed diet of lean meat, cracker meal, and lard. The animals 
were catheterized daily, precautions being taken against the possibility 
of bladder infection.* Decomposition of the urine voided during the 
day was prevented by the use of toluol. Sugar estimations were made 
according to the AUihn method. Total nitrogen of the urine and 
faeces was determined by the Kjehldahl-Gunning method; urea, am- 
monia, and creatinin nitrogen by the corresponding methods of Folin.* 
Whenever sugar was present in the urine Morncr's ' modification of 
Folin's method was employed for the estimation of urea. The 
adrenalin preparation used for the injections was the colorless " adren- 
alin chloride, i to 1000 " supplied by Parke, Davis & Co. 
Mjcferimeni 1. — On the 20th of February, 1906, a bitch of 14.8 kilos tras 
placed on a diet containing 7.64 gm. of nitrogen and consisting of 140 
gm. of lean meat, 160 gm. of cracker meal, and 26 gm. of lard. The food 
was given in two equal portions morning and night. On February 35th 
the nitrogen content of the diet was changed to 7.68 gm. In Ihemoming 
of the same day the animal received a subcutaneous injection of 10 c.c. of 
adrenalin chloride which appeared to have little effect upon the general 
behavior of the dog. The urine of the injection day contained 5.6 gm. 
of dextrose, with a faint trace of coagulable proteid. Legal's test for 
acetone and Gerhardi's test for dlacetic acid proved negative. The fol- 
lowing morning (February 36th) a second subcutaneous injection of 10 c.c. 
of adrenalin chloride was given, with the subsequent appearance in the 
urine of 6.9 gm. of dextrose and a [race of coagulable proteid. The pres- 
ence of acetone or diacetic acid could not be detected. Polarimelric 
determination indicated 7 gm. of dextrose. After fermentation of the 
urine with yeast no reducing substances could be found On the two 
following days of the experiment the urine was dextrose -free, but con- 
tained small quantities of coagulable proteid. The animal appeared tO' 
be in good condition, and throughout the experiment devoured her food 
with no apparent loss of appetite. 

In the appended table is given the distribution of the various forms of 
nitrogen determined. 

From the results given in Table I it is evident that the repeated 
subcutaneous injection of adrenalin chloride was not attended by any 
significant disturbance in the proportion of the urinary constituents 
determined. 

> Cf. Uhderhill and Closson: Ibid., 1906, ii, p. 51. 

' FouN : This jouroal, 1905, xiii, p. 45. 

* MOrner : Skandinavisches Archiv fur Pbysiologie, 1903, xiv, p. 297. 
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Experiment S, — A bitch of 14.4 Ttilos was placed on a diet composed of 140 
gin. of lean meat, 160 gm. of cracker meal, and 36 gm. of lard, and con- 
taining 7,75 gm. of nitrogen, on the 27th of March, 1906. On March 
31st the animal received a subcutaneous injection of 10 c.c. of adrenalin 
chloride. During the day a portion of the food was vomited and the 
urine became sligbdy contaminated. The trace of vomit was removed in 
great measure by filtration through absorbent cotton. A small quantity 
of coagulable proteid was present in the filtered urine and 10.15 P^- °^ 
dextrose. The next injection of adrenalin was given on April 6th, on 
which day only half the daily portion of food was given, that of the morn- 
ing meal. The Injection was made several hours later, and no vomiting 
occurred. The urine contained a trace of coagulable proteid and 4.76 
gm. of dextrose. A third administration of 30 c.c. of adrenalin chloride 
(divided into two injections of to c.c each given in the morning and 
afternoon) was made on the loth of April, and only the morning portion 
of food given. The urine of this day was free fix>m coagulable proteid, 
but contained 14.8 gm. of dextrose. The following day the bitch refused 
to eat and lay quietly in the bottom of the cage. The urine contained 
neither proteid nor sugar. After the i ith of April the entire diet for the 
day was greedily devoured. Urine collected subsequentiy to the end of 
the experiment (April ifith) was free from both sugar and proteid. 

The composition of the urine covering the period from March 97th to 
April 17th is given in Table II. 

Leaving out of consideration the first adrenalin injection period in 
which the urine was slightly contaminated with vomit, it is obvious 
that in Experiment II no marked change occurs in the percentage 
composition of the urinary constituents determined when large and 
repeated injections of adrenalin are administered subcutaneously to 
the dog. In the second and third injection periods the influence of 
the insufficient diet is readily seen from the balance table for the cor- 
responding periods. This table shows that when the animal was on 
an inadequate diet adrenalin induced an increased proteid metabolism. 
This inference seems justified in view of the fact that the nitrogen 
output, especially on the second day of the third injection period, is 
higher than one would expect in conditioas of simple starvation. 
Control experiments have been carried out under conditions similar 
to those in Experiment II, but without the administration of adrenalin 
to ascertain the influence of insufficient diet for a limited period (one 
to two days) on the relation of various forms of nitrogen found in the 
urine. Since no disturbance in the percentage composition of the 
urine was observed, it may be Eairly concluded that the failure of 
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adrenalin to produce changes in the percentages of the ammonia and 
urea nitrogen cannot be ascribed to the conditions of experimentation. 
A further evidence in favor of this conclusion is that the insufficient 
diet of itself would have a tendency to cause an increase in the pro- 
portion of ammonia nitrogen and a decrease in the percentage of urea, 
as Folin ' has demonstrated in roan, and which has been similarly 
observed in this laboratory for the dog.' 

The apparent discrepancies between the results of Paton and those 
of the present investigators led the writers to subject Paton's paper to 
a critical examination. On page 297, Experiment XIII, the following 
data are recorded : 

Nitrogen contained. 

Diet. Per cent. Total. 

Oatmeal . . 150 gm. 2.15 3.28 

Milk . '. . 500 c.c. 0.366 1.83 

Water . . . 600 c.c. — — 

4-05 

Obviously there is a miscalculation ; the total nitrogen of the diet 
amounting to 5.05, not 4.05 as recorded. That this is not merely a 
typographical error may be ascertained from the nitrogen balance 
given on page 298 of Paton's paper, where the figures 4.05 instead of 
5.05 have been used throughout. In the calculations giyen adrenalin 
appears to cause an excretion of nitrogen exceeding the intake, but 
by eliminating the error no such excess of output of nitrogen over in- 
take is to be observed. This error does not, however, invalidate 
Paton's conclusion that adrenalin caused an increased excretion of 
nitrogen, for from the data given and with the error eliminated there 
still remains a smaller excess of the nitrogen taken in over that 
eliminated during the adrenalin period than in the fore or after 
periods. 

From the same experiment, Table VI, page 298, we reproduce the 
following : 

. Nitrogen of Urin«. ' — ■ -■■■ ' 



' FouN : This journal, 1905, i 
' Unpublished experiments. 
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It is readily seen that the per cent of ammonia nitrogen should be 
10, and not 5.4. 
Again, in Table V, page 296, the following occurs : 



Total 


UreaN 


-Nilroften of Urin 
Per cent 


NH,N 


Per cent 


Li grams. 


ing>,ms 


of urea N. 


in grama. 


of NH,N. 


2.10 


1.94 


88 


.tao 


S-7 


3-3* 


..98 


85 


■MS 


6z 


3-83 


2.99 


78 


.466 


14.7 



The percentages given for urea and ammonia nitrogen on the fourth 
day are obviously wrong, for the urea nitrogen should be 59 per cent 
and the ammonia nitrogen 4.3 per cent On the ninth day the per- 
centage of ammonia nitrogen is 12.I instead of 14.7 as given. 

Without attempting to account for these errors which have led us 
to subject all of the experimental data to a critical review, we cannot 
avoid calling attention to some other aspects of Paton's work which 
seem to demand criticism. Thus in Experiment XI, page 294, he 
writes: " The weather was warm at the time, and on the fifth, sixth, 
seventh, and eighth days (he urine was distinctly alkaline and appeared 
to have undergone ammoniacal decomposition." However, these urines 
were not included in the table. " Since special precaution was not 
taken to prevent ammoniacal decomposition, it was considered advis- 
able to make another series of observations in which the urine was 
caught in a solution of hydrochloric acid." Experiment XII then 
follows, in which the three errors noted above occur and to which 
alone his conclusions can apply, for in Experiment XIII adrenalin 
failed to produce any greater disturbance in the relation of urea 
nitrogen and ammonia nitrogen to total nitrogen than occurred on 
any two consecutive days of the fore period according to the figures 
given. 

Paton explains the large excretion of ammonia in his experiments 
by assuming that the sugar formed sets up a condition similar to 
acidosis. He bases this assumption upon experiments ^ in his labora- 
tory in which it was shown that the subcutaneous injection of large 
quantities of dextrose into the dog produces an increased excretion of 
ammonia as a result of the formation of various toxic substances. In 
recently published experiments^ we have, however, failed to obtain 
such results after the subcutaneous injection of dextrose into dogs. 

' Scott r Journal of physiology, 190Z, xxviii, p. 107. 
* Undbrhill and ClosSOs : Loc. cit. 
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Furthermore, from a recent investigatioD on the distribution of the 
various urinary forms of nitrogen in diabetes mellitus, we quote the 
following : " Die HarnstoRausscheidung ist bei Diabetes normal, auch 
wenn die Ammoniakzahlen' eine (nicht erhebliche) Vermehrung 
zeigen," ' v. Noorden ^ shows that only when the condition of the dia- 
betic patient approaches coma is the .percentage of urea greatly di- 
minished. From these facts it would appear that, even assuming all of 
Paten's analytical data to be correct, a strict comparison of adrenalin 
glycosuria with ordinary diabetes is certainly not justified, for in the 
latter case a typical falling off in urea nitro'gen claimed by Paton for 
the experimental diabetes is rarely realized. 

II. The Ability of the Organism to Utilize Dextrose in 
Adrenalfn Glycosuria. 

The glycosuria following adrenalin administration is attributed by 
Paton to a failure on the part of the tissues to utilize dextrose. If 
this hypothesis is correct after the injection of large quantities of 
dextrose into a dog with adrenalin glycosuria, one would expect the 
administration to be followed by the reappearance in the urine of a 
great portion of the introduced sugar. Moreover, if the condition 
induced by the subcutaneous injection of adrenalin is at all analogous 
to ordinary diabetes, the dextrose given should not be utilized. 

The following experiment bears upon this point: 

Experiment S. — A bitch of 8 kilos on a fixed diet received xo c.c. of adren- 
alin chloride subcutaneously, resulting in the excretion of 11,5 gm. of 
dextrose in the urine. Two days later the same quantity of adrenalin 
chloride was administered and 187 c.c. of a 30 per cent dextrose solu- 
tion (7 gm. per kilo) were introduced subcutaneously. The total elimi- 
nation of dextrose in tiie urine was 1 7.6 gm. A second experiment was 
carried out with another animal under similar conditions resuhing in the 
appearance of only the merest trace of dextrose in the urine. 

Previous experiments* in this laboratory have shown that only 

a very small quantity of dextrose appears in the urine, even when 

as much as 7 gm. per kilo are administered subcutaneously to 

the dog. Since in the above experiment adrenalin alone sufficed 

' .Satta ; Beitrage zur chemischen Physiologie, 1905, vi, p. 373. 

' V. Noorden: Local. 

L and Closso.v : Lee. cil. 
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to call forth an excretion of 11.5 gm. of dextrose and adrenalin and 
56 gm, of dextrose together caused the elimination of only 17.6 gm. 
of dextrose, it may be concluded that the interference of adrenalin 
with the normal retention of dextrose is minimal at most. Nor in 
view of these results can the experimental conditions induced by 
adrenalin be compared to the condition that obtains in ordinary 
diabetes where excess of carbohydrate is speedily eliminated. 

III. The Nature of Adrenalin Glycosuria. 

Since Blum's ' discovery of adrenalin glycosuria various attempts 
have been made to explain the mechanism involved. Thus the drug 
has been improperly placed ^ in the category with such glycosuria- 
producing substances as carbon monoxide, morphine, strychnine, etc., 
which have been shown to produce the appearance of sugar in the 
urine by an action upon respiratory factors,' Again it has been 
claimed that in this experimental condition the pancreas is more 
or less involved.* 

From the mass of experimental data to be found in the literature 
certain well-defined observations have been repeatedly confirmed. 
That the reducing body present in the urine after the parenteral ad- 
ministration of adrenalin is dextrose is well established, and that a 
true hypergtyctcmia occurs has been shown by Metzger, ^ Zuelzer,* 
Vosburgh and Richards," Paton,^and Underbill.* According to several 
investigators (Blum, Herter, Baton), the intensity of the glycosuria 
caused by adrenalin is in a measure at least dependent upon the 
quantity of carbohydrates in the body, although Blum claims that 
glycosuria may be induced in dogs and rabbits after a fast so pro- 
longed that all the glycogen has disappeared from the liver. Pfliiger,'" 

> Blum: Deutsches Archiv fiir klinische Medicin, 1901, Ixxi, p. 146. 

* Hahmaksten : Text-lwok of physiological chemistry, 1904, p. 3s6. 
' Cf. Underhill : Loc. cii. 

* Herter: Medical News, 1902, xnx, p. 865; Herter and ^yAKEMAN : 
ViRCHOw's Archiv fiir pathologische Anatomie, 1902, clxix, p. 479; Ibid., Ameri- 
can journal of the medical sciences, 1903, cxxv, p. 46. 

' Metzger: Miinchher medicinische Wochenschrift, 190a, p. 47S. 
' Zuelzer: Berliner klinische Wochenschrift, 1901, p. 1209. 
' Vosburgh and Richards: This journal, 1903, ix, p. 35. 

* Paton : Loc. cit. 

» Underhill: Loc.eit. 
" PflOger; Archiv fur die gesammte Physiologie, 1902, xci, p. 119. 
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however, has shown the great difficulty of obtaining dogs with 
glycogen-free livers by inanition alone. 

The repeated administration of adrenalin even in well-fed dogs is 
not always followed by glycosuria, as the appended experiment shows. 



Date, adrenalin chloride in urine 

1906 in C.C. in grams. 

Feb. as lo S-^ 

" a6 lo 6.9 



none 
none 
none 
trace 



This confirms observations recorded by Herter,' Loeper and 
Crouzon,* and Paton." 

The study of the influence of adrenalin upon the glycogen content 
of the liver has shown that "in acute adrenalin poisoning, if the ani- 
mal does not die too rapidly, the glycogen in the liver is diminished 
in amount," while "in chronic adrenalin poisoning the amount of 
glycogen in the Uver is not necessarily altered."* This would appear 
to account for the failure of glycosuria after repeated doses of adrena- 
lin, as in the experiment given above. A certain tolerance seems 
to be established. Doyon, Morel, and Kareff* have demonstrated 
that adrenalin causes a diminution of glycogen of the liver accompa- 
nied by a rise in the sugar content of the blood. Moreover, adrenalin • 
perfused through surviving livers stimulates sugar formation. 

That the pancreas ordinarily plays a rdle in adrenalin glycosuria is 
not established. Although Herter's^ observations would seem to in- 

1 Hebtek: Loc.cU. 

' Loeper and CrOUZON : Archives de miMicine exp^ri men tale, 1904, xvi, p. 83 j 
Abstract in Comptes rendus de la socii5t<5 de biologic, 1903, !v, p. 13J6. 
» Paton : Loc. cit. 

* Paton and Dkummond : Journal of physiology, 1904, xxxi, p. 92. 

' Doyon, Morel, and Karefk: Journal de physiologie, 1905, p. 99S. 

• IwANOFF ; Zentralblatt fiir Physiologie, 1905, xix, p. 891. 
' Hektek: Lcc. cit. 
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dicate such a function on the part of this organ, the results of Doyon, 
Morel, and Kareff,' are opposed to it. 

The influence exerted by adrenalin upon the tissues has been 
studied byDrummond^ and Elliott* According to the former the 
toxic action of adrenalin is most distinctly seen in the glandular 
organs, and particularly the liver and kidney. Elliott, on the other 
band, demonstrates " that its single characteristic is the aptness to 
stimulate plain muscle and gland cells that are or have been in func- 
tional union with sympathetic nerve fibres."* He shows that only 
where sympathetic nerve fibres exist does adrenalin have an action. 

From the facts given it appears to the writer that the influence 
of adrenalin in causing glycosuria can be explained most readily by 
assuming that It acts directly upon the nervous elements, probably 
through the sympathetic system. In no other way is it likely that such 
small quantities injected would have such pronounced eflects. The 
stimulation of the sympathetic nerves leading to the liver or to other 
storehouses of carbohydrate may be sufficient to cause these organs 
to throw out their stored up material in the form of dpxtrose. While 
it lasts the stimulation is probably intense and a greater quantity of 
dextrose is formed and discharged into the circulation than can be 
cared for immediately. As fast as it is returned to the liver to be 
transformed into glycogen, it is rejected, owing to the stimulation of 
the liver cells by the adrenalin. It would appear from this that two 
processes may be involved, — one causing the transformation of glyco- 
gen into dextrose, the other preventing the reverse process. Blum* 
in one of his first papers on adrenahn glycosuria put forth the view 
that it resembled piqQre rather than pancreatic diabetes. The action 
upon the nervous system appears to the writer to be the essential 
point. The resulting stimulation of the liver cells in connection with 
these nerve fibres causes an increased output of dextrose, and whether 
this output of dextrose is due to an increased formation or to a 
diminished storage of dextrose is a purely secondary matter. 

' DovoN, Morel, and Kareff : Loc. cii. 

* Drummond : Journal of physiology, 1904, xxxi, p. 81. 

* Elliott: Ibid., 1905, xxxii, p. 401. 

* Cf. V. Frey : Sitzungsbericlite der Wiirzburger physikalische-medizinische 
Gesellscliaft, 1905- 

' Blum : Archiv fiir die gesammte Physiologie, 1902, xc, p. 617. 
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SUHHARV. 

No evidence has been obtained that the distribution of the nitrogen 

— in the forms of ammonia nitrogen, urea nitrogen, creatinin nitrogen 

— is altered by the subcutaneous administration of adrenalin in dogs. 
The results of Paton in which the ammonia nitrogen of the urine was 
increased and the urea nitrogen decreased have not been confirmed. 

The ability of the organism to utilize dextrose subcutaneously. 
administered in adrenalin glycosuria is not seriously impaired. 

Repeated doses of adrenalin finally fail to produce glycosuria, thus 
giving evidence of the establishment of a certain degree of tolerance, 
as already noted by other investigators. 

It is suggested that the mechanism of adrenalin glycosuria is 
essentially of nervous origin, and acts through the intermediation of 
the sympathetic nervous system which is called into play. This 
activity is in part directed upon the sugar-storing organs, causing 
them either to relinquish their supply of dextrose-producing sub- 
stances, or preventing the storage of glycogen, owing to the stim- 
ulation of the cells, 'or both, thereby causing hyperglycasmia and 
glycosuria. 

Adrenalin glycosuria bears no relation to ordinary diabetes in man. 



,v Google 



CONTRIBUTIONS FROM THE ZOOLOGICAL LABORATORY OF THE 
MUSEUM OF COMPARATIVE ZOOLOGY AT HARVARD COLLEGE. 
E. U MARK, Director. No. cSo. • 

THE REACTIONS OF EARTHWORMS TO SALTS : A STUDY 
IN PROTOPLASMIC STIMULATION AS A BASIS OF 
INTERPRETING THE SENSE OF TASTE. 

By G. H. PARKER and C. R. METCALF. 

WHAT transpires when a stimulating solution causes a reaction 
in an organism is not easily stated, and may differ even 
fundamentally in different cases, but with increased knowledge as 
to the nature of solutions, the complete analj^is of such instances 
becomes more nearly possible, and experimentation can be directed 
with greater definiteness toward solving such problems, ^he object 
of the work recorded in this paper was to attack this question in a 
well circumscribed case, and for this purpose a class of relatively 
simple salts, the chlorides of sodium, potassium, lithium, and am- 
monium, were selected as stinuili, and the common earthworm, 
Allolobophora fcetida, as the reacting organism. That this animal 
is strongly chemotropic had already been attested by Loeb ('94, 
p. 262). 

The salts used were the purest- obtainable commercial products, 
the so-called c. p. salts, which were subsequently still further purified 
by reciystallization. We are under obligations to Professor C. R. 
Sanger, of the Harvard Chemical Laboratory, for aid in getting 
sodium chloride free from sulphate, and to his assistant, Mr. M. L. 
McCarthy, for the preparation of pure lithium chloride. The solu- 
tions were made up in distilled water, and titrated against a mol. 
solution of silver nitrate, wiih potassic chromate as an indicator, and 
corrected till they were within 2 per cent of agreement with the 
standard solution. The dilutions made from the stock solutions of 
salts were also titrated against a silver solution, that possible mistakes 
in mixing might be checked. 

ss 
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The method employed in testing the worms was very similar to that 
used by Loeb'(: 02), and especially by Braeuning (: 04), on the frog. 
The worms were thoroughly rinsed in tap-water till they were cleaned 
externally of foreign matter, and each worm was then suspended from 
the tail-end by a silk thread. The thread was attached to the worm by 
being passed through its tail-end on a needle, and then tied in a loose 
knot. As might have been expected from the work of Norman (:oo), 
the worms reacted very slightly, if at all, to this method of suspension. 
The worms thus prejfered and numbered were kept singly in small, 
open glass vessels of tap-water. They were always handled by 
means of the silk thread, as this method proved far more satisfactory 
than any other tried. 

The apparatus with which the tests were made, which is shown 
in the accompanying figure, consisted of a base with an upright 
wooden post to which a pivoted arm was fixed. One of the ends of 
the arm was notched so that the silk thread carrying a worm could 
be inserted into it, and the other end was used as a handle by which 
the arm could be moved so as to raise the worm or lower it into the 
solution contained in a glass vessel on the base. 

When a test was to be made, a worm was taken up by its thread 
and attacl^ to the arm of the apparatus. The superfluous water 
was drained from it, and, after it had lengthened fully, it wa^ low- 
ered gently but quickly into the solution to the depth of the anterior 
edge of the clilellum. As the tip of the worm cut the surface of the 
solution, a stop-watch was started, and when as a result of the con- 
traction of the worm the tip withdrew from the solution the watch 
was stopped. The interval of time thus recorded to fifths of a second 
was taken as the reaction time for that particular experiment. From 
some of the less stimulating solutions ihc worms did not withdraw 
for a considerable period ; after two minutes had expired such ex- 
periments were discontinued, and the worm was taken out of the 
solution. Records of this kind of result, which in the whole series 
of trials was relatively rare, are indicated in the tables by an asterisk, 
thus, 120". After the worm under ordinary circumstances had with- 
drawn from the solution, it was rinsed in tap-water, returned lo its 
glass, and allowed to rest at least 6ve mmutes before another trial 
with it was made. After twenty or thirty such trials, even with 
periods of rest of at least five minutes, it was found that the worms 
gradually decreased in their reactiveness, and it was decided for the 
sake of uniformity to use no worm for more than twelve reactions. 
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To make these tests with the four solutions usually employed in as 
uniform a way as possible, four worms were used in each set of 
trials, and the solutions were made to follow the sequence indicated 
by tjie numbers in Table I. 



The numbers 
testing [out worm 



n which the solul 



Number of 
the worm. 


s,„.. 


NaCl. 


KCl. 


DCl. 


NHjCl. 


1 


1 


S 




9 


13 


2 


14 


z 




6 


10 


3 


11 


15 




3 


7 


4 


8 


12 




16 


4 



It will be seen by inspecting this table that each solution was used 
on each worm, and further that each solution had first place with 
some one worm. By averaging the reaction times thus obtained for 
each salt, a measure of its capacity to stimulate was arrived at in 
which exhaustion as a disturbing factor was eliminated. In this way 
results were obtained that admitted of direct comparison. As a mat- 
ter of fact, it was found that the series given in Table I could be re- 
peated three times on one set of worms without calling forth obvious 
evidence of exhaustion, and the Cables of actual results contained in 
the Appendix represent this procedure. So far as the reaction times 
were concerned, the particular sequence in which the salts were used 
was found to be immaterial provided that after each test the worm 
was kept for at least five minutes in tap-water. In the actual exper- 
iments the sequence given in Table I (NaCl, KCl, LiCI, NH^Cl) 
was used, but experience showed that any other sequence was equally 
good. Although the tables given in the Appendix were originally 
made up in the order given in Table I, that order, for ease of com- 
parison, has been changed to the one established by the relation of 
the reaction times themselves. But, as already stated, there is not 
the least reason to suppose that the sequence now given in these 
tables would not have yielded the same results. The reaction times 
were taken during March, April, and May. 
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Notwithstanding the care exercised in the management of the 
worms, it was fourid that some individuals presented striking and 
characteristic differences as compared with others, as Braeuning 
(:04, p. 177) has already stated to be the case with frogs. These 
differences are to be attributed to the different physiological states of 
the worms. Since, however, each solution was used on each worm, 
such differences offer no difficulty in the interpretation of single 



Average reaction limes in Mcondi of Altolobophora, fceCMa 10 solutions of varioas 
strengths of the chlorides of potassium, lithium, ammonium, and sodium, and to distilled 



Salts. 


™. 


T^- 
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,"i. 


". 


.%.. 


^■ 


H,0. 


KC1 


a2 


26.87 


32,0s 


45.SS 


5S-45 


41.57 


29.88 


1 


UCl 
INHjCL 


0.2 
0.2 


1U7 
2.70 


1S.12 
6.48 


30.25 

1135 


37M0 
17.73 


3613 
330$ 


17.27 
12.18 


20.02 


NaCl 


0.2 


0.2s 


az 


0.2 


azs 


1..S3 


743 





tables, but they do render the comparison between tables less reli- 
able, though, as a general inspection of the results will show, the error 
thus introduced cannot be said to vitiate the final conclusions. 

The strengths of solutions used were mol. f~, f^, ^, ^, ,-~, and 
^;, and tests were made with distilled water. 

The detailed results of these experiments are contained in Tables 
VIII to XV in the Appendix, the averages from which are given in 
Table II. 

On inspecting this table it will be seen that the mol. solutions of 
all four salts were so vigorously stimulating that the worms always 
withdrew within two-tenths of a second and, consequently, it is 
impossible for us to state whether at this concentration one salt was 
a more effective stimulus than another. In all the remaining sets of 
solutions the average reaction times were different for each salt, and 
consequently the salts can be arranged in sequences in accordance 
with their stimulating capacities. These sequences agree in all the 
concentrations from ^ to ^. Beginning with the salt giving the 
shortest reaction time, this sequence is sodium, ammonium, lithium, 
and potassium. 
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Each salt likewise shows a characteristic series for its own concea- 
trations. In sodium the reaction times in concentrations from mol. to 
j^ inclusive are probably all minimal, the slight deviations observed 
being obviously accidental. At j^ a real lengthening of the time 
takes place, and this is increased at ^, but even at this dilution it is 
not so slow as in distilled water. 

Ammonium at mol. concentration gives a minimal reaction time, but 
the time lengthens at ^ and continues to lengthen progressively 
to j^. At ^ it shortens considerably, to become again longer 
for distilled water. 

The series for lithium starts at a minimal reaction time for the mol. 
solution, which is followed by a series of progressively increasing 
periods to a maximum at ^ or j^, after which it quickens at ^^ to 
a time somewhat more rapid than that for distilled water. No two- 
minute records were obtained from any of the worms in the sodium 
or ammonium solutions, but in the lithium solutions one was observed* 
namely, at concentration ^ (Appendix, Table XII). 

The series for potassium also begins with a minimal reaction time 
at a mol. concentration, and progressively lengthens at each concen- 
tration to a maximum at ^, At j^ it perceptibly shortens and again 
at ^, but not so much so as in distilled water. The potassium series 
contains three two-minute interrupted records, one at 5^ and two at 
the maximum ^ (Appendix, Tables XI and XII). 

When the series for the different salt solutions are compared, it 
will be seen that each series shows one maximum, and that in accord- 
ance with the reaction times of these maxima the salts fall into a 
sequence agreeing with that shown by the reaction times of any con- 
centration between ^ and ^, i.e ., the shortest maximum reaction 
time is shown by sodium chloride (7.43 sec.) ; ' the next by 
ammonium (23.05 sec.) ; the next by lithium (37.80 sec.) ; and the 
longest by potassium (55.45 sec). Since these Eeaction times may 
be taken as indications of the degree of stimulation, it is clear, from 
what has been shown, that the most stimulating solution is that of 
sodium followed in sequence by ammonium, lithium, and potassium. 

Earthworms contain such a large proportion of water that it is 
quite natural to suppose that changes in their fluid contents due to 
osmotic pressure might be a means of stimulation. 

It is conceivable that the extraction of water from the skin of the 

' It .is probable that the reaction time to sodium chloride is longer in solutions 
weaker than jj„, but these were not tested. 
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worm, or the infiltration of this material into the animal might stim- 
ulate the integumentary sense organs in such a way as to result in 
the reactions already recorded. Under such conditions stimulation 
ought not to occur in solutions that are isotonic with the fluids of the 
worm, but any solution whose osmotic pressure is either greater or 
less than that of the fluids of the worm might be stimulating. 
Moreover, under such circumstances the reaction time ought to show 
some relation to the disparity between the osmotic pressure of the 
fluids of the worm and that of the stimulating solution, in that the 

TABLE Iir. 
Dissociation p«r thousand molecules and osmotic pressure in atmospheres of Che 
various strength* of solutions of the chlorides of lithium, sodium, ammonium, and potas- 
sium. The (able nas calculated from the data given by Kohlcausch and Holborn ('98). 



S„y.. 




per thousand. 




UCl. 


NaCl. 


NH(CI. 


KCl. 


I.iCl. NaCl. 


NH,C1. 


KCl. 


m 


625 


67S 


746 


748 


36.40 1 37.52 


39.11 


40.16 


\\ 


818 


839 


851 


SS3 


4.07 


4.12 


4.15 


4.15 


Tz 


842 


359 


874 


873 


2.7S 


2.77 


2.S0 


2.S0 


Ti 


867 


880 


895 


893 


1.67 


1.68 


1.70 


1.70 


"ff 


898 


908 


919 


915 


0.85 0.S5 


0.S6 


056 


rro 


923 


932 


939 


934 


0.43 0.43 


0.43 


ft43 


ih 


961 


967 


970 


965 


0.09 a09 


0.09 


0,09 



time should lengthen as these two factors approximate each other and 
shorten as they diverge. 

Table III gives the calculated osmotic pressures in atmospheres of 
the solutions used in the preceding experiments and a comparison 
of this table with Table II, in which the reaction times of the worms 
to these solutions are given, will show something of the value of 
this factor in stimulation. It will be seen at once in Tabic III that 
the osmotic pressures for any set of four equimolecular solutions are 
fairly close, and yet the reaction times to these solutions, as shown in 
Table II, are often quite far apart; thus at -^^^ the osmotic pressures 
of the four solutions are practically identical, but the reaction times 
to these are such as to make them easily distinguishable. Moreover, 
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if the amount of osmotic pressure were the effective factor in stimula- 
tion, the sequence of the salts in any set of solutions where this 
sequence could have been made out should have been potassium, 
ammonium, sodium, and lithium, but, instead of that, at all concen- 
trations in which a sequence was observable, it was sodium, am- 
monium, lithium, and potassium. It is thus clear that differences of 
osmotic pressure are not the controlling factors in these reactions. 

Notwithstanding what has been said, it cannot be denied that 
osmotic pressure is an important factor in determining the state of an 
earthworm. That these animals change their volumes by giving out 
water or talcing it up in accordance with the condition of the sur- 
rounding medium is shown by the following experiment. The 
anterior ends of a number of earthworms were cut offand the worms 
were kept under normal conditions till, by the healing of the wound 
their mouths were closed. They were then placed in shallow, dis- 



Percentage change 
tilled water to various 
remained 24 hours. 



TABLE IV. 
n Allolohophora (cecida on being transferred from d 
of potassium chloride in water, where the won 



Strength of sol, of KCl. 


.. 1 ,-.. 


-,. 


.-. 


s- 


S^ 


*. 


Percentage loss in volume 


60 , 22 


19 


14 


9.9 


7.0 


6.6 



tilled water, where they remained for several days till their digestive 
tubes were entirely free from waste. Eight sets each of five such 
Worms were then measured volumetrically by removing the superfi- 
cial moisture from the worms and passing them into a narrow grad- 
uated tube containing a known volume of water. This operation was 
repeated from time to time till the worms showed an approximately 
constant volume, which happened usually within about twenty-four 
hours. After their volumes were thus determined, one set of worms 
was put into each of the seven solutions of potassium chloride used 
in the preceding experiments, and, after twenty-four hours, their 
volumes were again ascertained by measuring the worms in the 
graduated tube, using in place of distilled water the solutions in 
which they had been retained. The eighth set was kept in distilled 
water as a check. The volume of the eighth set remained practically 
constant, and the changes in the volumes of the other seven sets are 
given in Table IV. 
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The worms put in the mol. solution contracted vigorously, dis- 
charged droplets of a thick, whitish secretion, which clung to their 
integument, and died in a few minutes. At the end of twenty-four 
hours they were much shrivelled. In all the other solutions the 
worms lived over a day without showing any evidence of deteriora- 
tion, though in the f^ solution they were almost constantly in motion, 
as though continually stimulated. 

All the living worms, during the twenty-four hours that they were 
in the solutions, discharged, probably from the skin, a small amount 
of slimy secretion. This must have reduced their volumes somewhat, 
but, since this secretion on being collected never measured as much 
as one per cent of the total volume of the worms, it was disregarded, 
for it was evident from the facts already given that even allowing for 
this slight loss, there was stil] abundant evidence to show that earth- 
worms, like frogs (Braeuning, :o4, p. 173), change their volume by- 
taking in and giving out water. 

Although this whole process, which goes on rather slowly, is prob- 
ably not the occasion of the stimulation due to salt solutions, its first 
steps, or something very like them, we believe, are unquestionably 
concerned in this operation. In many cases the reactions of the 
worms were relatively so quick that the organs stimulated must have 
been very superficial in position, probably in the epidermis, and the 
transfer of materials to these organs from the surrounding solution 
or the reverse is probably one of the causes of stimulation rather than 
the more general transfer between the deeper f)arts of the body and 
the exterior. If some such physical operation is not assumed, it is 
difficult to explain why distilled water of the stock that was used in 
making up the solutions was more stimulating than some of the solu- 
tions themselves, such as ammonium chloride ,™o. lithium chloride 
« to f^.'or potassium chloride, f^ to —^ (Table II). Worms lived in 
this distilled water for over a week without apparent deterioration, 
and we never observed any injurious effects such as might be attrib- 
uted to very minute amounts of metallic impurities (Nageli's oligo- 
dynamic effects). We therefore believe that the stimulating effect of 
distilled water as compared with that of certain salt solutions is to be 
attributed to some such physical cause as osmotic pressure or even 
simple diffusion. Loeb (:02, p. 261) has shown that it is probable 
that the entrance of water into the skin of a frog is stimulating to the 
integumentary sense organs and its exit quieting, and that the reverse 
is true for motor nerves, — a conclusion confirmed byMathews ( :OS) ; 
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and Braeuning { :04, p. 172), who seems not to have known of Loeb'a 
work, also lays stress on this method of stimulation In the reactions 
o£ frogs to salt solutions. While these physical transfers of materials 
may be looked upon in a certain sense as stimuli, the real stimulation 
is probably due to the changes produced by them in the concentration 
of the substances dissolved in the protoplasm. 

Although these physical processes doubtless play some part in this 
form of stimulation in the earthworm, it is obvious, from what has 
been stated, that they cannot account for the characteristic and strik- 
ing differences in the reaction times of these animals for the four sets 
of salts tested. These differences must be explained in some other 
way, and are probably dependent upon the action of some of the ionic 
constituents of the solutions. 

Since the degrees of -dissociation for the four salts are fairly close 
for each strength of solution used (Table III), and since all four salts 
are chlorides, it follows that their different stimulating effects cannot 
well be attributed to the action of the common anion, chlorine. More- 
over, if this ion were the effective stimulating material, the sequence 
of the salts from the standpoint of stimulation ought to be for most 
of the sets of solutions ammonium, potassium, sodium, and lithium. 
Since the sequence is sodium, ammonium, lithium, and potassium, it 
is obvious that the chlorine ions have no effect in determining this 
sequence. 

To explain this differential effect in stimulation there remain the 
four cations, sodium, ammonium, lithium, and potassium, and the un- 
dissociated molecules. Of these the sodium ions or sodium chloride 
molecules or both must be responsible for the very stimulating quality 
of the sodium solutions. That the sodium ions are very probably the 
stimulating element is seen from the fact that the solutions of all other 
sodium salts that we tested (sodium nitrate, sulphate, and acetate) 
called forth the same quick reaction that sodium chloride did. This 
is well seen in sodium acetate in comparison with sodium chloride, 
for which the reaction times are given in Table V. 

From these observations we conclude that the elective stimulating 
element in the sodium solution is the sodium ion and not the undis- 
sociated molecule of salt. In a similar way we have been led Co a 
corresponding conclusion regarding the other salts, and we therefore 
believe that the characteristic reaction times for the four salts tested 
depend primarily upon their cations. Since these cations are all uni- 
valent, valence cannot be called upon as a means of explaining the 
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observed differences instimulation, as in fact I-X)eb (:02, p. 262) has 
already shown in the frog. Such stimulation must depend upon the 
specific properties of the cations in question. 

In passing from the stronger to the weaker solutions, the number 
of cations diminishes, stimulation is less, and the reaction times 



TABLE V. 

The reaction limes in Seconds of four earthworms, Allolobophora foitida, to strengths 

of sodium chloride and of sodium acetate from jj to jji,. While sodium chloride at ^ is 

saltish, and at ^ is slightly sally and the corresponding sodium acetate solotioDS have a 

slight taste, all other solutions (^^ to ^^g) were to us indistinguishable from distilled 
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0.2 


02 
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lengthen (Table II). After the maximum time in any series has 
been reached (ammonium ,^, lithium ^ to ,^„, potassium ^), the 
increase in rate in the still weaker solutions is due, we believe, to 
double stimulation caused in part by the cations, and in part by 
a more physical action of the solution as a whole, a form of stim- 
ulation that is probably seen in its purity in the reaction' to dis- 
tilled water. It seems to us therefore that while the different reaction 
times of the worms are dependent primarily on stimulation by the 
cations of the particular solutions, they are also partial products of 
certain other stimuli which, however, in themselves would not give 
differential effects. 

The reactions of the worms dealt with in this paper are not inappro- 
priately ascribed to the sense of taste, and it is well known that the 
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four salts here used are stimuli for the salty taste in man. Kahlen- 
berg ('98) and Hiiber und Kiesow ('98) have pointed out that this 
salty taste is dependent upon the anion chlorine and that a similar 
taste is excited by the closely related ions bromine and iodine. li 
is perfectly clear, however, that there is a wide, gap between the 
condition in man and that in earthworms, for, while we can taste 
solutions of common salt only to about a ^ dilution, earthworms react 
vigorously to dilutions ten times as great, j™^. Not only is this differ- 
ence in sensitiveness characteristic for man and the earthworm, but 
the two organisms in this case react to opposite classes of ions. In 
man, as already mentioned, the salty taste of the four salts used in 
our experiments is unquestionably due to the common anion chlorine ; 
in the earthworm, as we have d*emonstrated, the characteristic stimu- 
lation is due to the cations sodium, ammonium, lithium, and potassium ; 
in other words, for the earthworm the solutions tested do not 
represent a homogeneous group corresponding to the salty taste in 
man, but the worm reacts with striking difference to these four 
solutions. Thus it is clear that the primary stimulus for man is 
the anion, for the earthworm the cation of the salts tested. 

Although physiologists are inclined to describe the salty taste as a 
homogeneous taste and to look upon chlorine, bromine, and iodine 
ions as the homologous stimulus for it, such a view is only partly 
true. If any one tests by taste the four solutions that we used, he 
can with a very little practice come to distinguish them with perfect 
certainty. All four solutions at mot. strength taste characteristically 
salty, but the taste of each one has a slight but peculiar flavor which 
allows that one to be distinguished from the rest. This specific 
character of the saltiness, which has already been recognized by 
Hobcr (:o2, p. 183), must be due to cationic stimulation, — a feature 
which, as we have just seen, is greatly emphasized in earthworms. We 
believe therefore that while the organs of taste in man are stimulated 
chiefly by the anions of the four salts studied, they are also stimulated 
slightly by the cations; thus the positive charge as well as the nega- 
tive charge on ions may be stimulating, as Loeb (:02,p. 262) has 
demonstrated in the frog. It is not impossible that in the earthworm, 
where the cations are the chief stimuli, the anions may also play a 
subordinate rdle, but of this we have no conclusive evidence. 

Since the same salts that give rise to an almost homogeneous stim- 
ulation in man produce such diverse effects in Allolobophora, we 
must conclude that the occasion of the differences is to be sought 
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for in the different constitution of the protoplasms of the two organ- 
isms. While the living substance of. the organs of taste in Allo- 
lobophora is of such a composition that it is open to easy stimulation 
by the cations sodium, ammonium, lithium, and potassium, and is not 
especially stimulated, if at all, by the anion chlorine, that of the gus- 
tatory organs of man is so constituted that it is easily stimulated by 
the anion chlorine and very feebly affected by the four cations 
named. In other words, we are driven to assume a high degree of 
protoplasmic differentiation in the gustatory end-organs of these two 
animals, and the idea, often implied in recent biological work, that 
protoplasm exhibits uniformity in its vital reactions to such relatively 
simple reagents as solutions of electrolytes, appears to be untenable. 
Our observations lead to the view that the composition of living 
substance is so immensely complex, and the possibilities of its differ- 
entiation are so great, that sweeping generalizations as lo its relation 
to chemical stimuli are to be accepted with the utmost caution. 

If the terminal protoplasm of the gustatory organs of various 
animals may l>e differentiated to the extent that this discussion sug- 
gests, it follows that different animals in accordance with their differ- 
ent chemical environments might be expected to present different 
modes of stimulability, ('. e., to be differently adapted to chemical 
stimulation. To test this proposition, the salt solutions employed 
in the preceding experiments were tried as stimuli on a species of 
earthworm from a different environment from that In which Allolo- 
bophora lives. Allolobophora, as is well known, is found almost ex- 
clusively in horse manure. The second worm tested, Helodrilus 
calignosus (Sav.), is found almost always in garden soil, and hence 
must have encountered a different set of solutions from those which 
influence Allolobophora. The reaction times of Hclodnlus to ^ so- 
lutions of the chlorides of sodium, ammonium, lithium, and potas- 
sium were taken by Mr Owen Bryant, to whom we are indebted 
for the use of Table VI. 

An inspection of Table VI will show that in all four sets of exper- 
iments the average reaction times, though steadily shortening as the 
spring advanced, give grounds for a distribution of the salts in the 
invariable sequence potassium, ammonium, sodium, and lithium. This 
sequence was so different from that obtained by us with Allolobophora 
that Mr. Bryant tried on Allolobophora the very solutions with which 
he obtained the results on Helodrilus, and found that they gave 
the sequence recorded in our earlier experiments, namely, sodium, 
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ammonium, lithium, and potassium. It thus appears that these salts 
are stimulating to the manure-inhabiting Allolobophora in the se- 
quence sodium, ammonium, lithium, and potassium, and to the earth- 
inhabiting Helodrilus in the order potassium, ammonium, sodium, and 
lithium. We have here undoubtedly two conditions of stimula- 
tion dependent in all probahihty upon environmental adaptation 
and exhibiting again the capacity of protoplasm for this kind of 
differentiation. 

TABLE VI. 

Average reaction times in seconds of the earthworm Helodrilus calignosus (Sav.) 

(o jg liolutions of ttie chlorides of lilhium, sodium, ammonium, and potassium. Each 

average is based on twelve readings, four from each of three worms, as described on 

p. 57. 



Date. 


Source of worms. 


?, KCl. 


5"S NH.Cl. 


i^ NaCl. 


"0 l-iCl. 


ApriU 


Cohasset, Mass. 


4,19 


6.81 


18i6 


20.39 


. " 6 


" 


3.67 


4.87 


17.73 


32.32 


" 13 


Arlington. " 


2.28 


2.67 


7.43 


S61 


" 27 


Cohasset, " 


1.18 


1.65 


1.77 


3.67 



Regarded from the standpoint of adaptation, the sense of taste may 
be looked upon as one of the means of distinguishing between a favor- 
able and an unfavorable chemical environment, or, in its restricted 
form as a means of distinguishing wholesome from unwholesome 
food. From this standpoint injurious or poisonous substances ought 
to be tasled in very weak solutions, i. e., the toxicity and the sapidity of 
a substance ought to be related. It is therefore interesting to observe 
how very reactive Allolobophora is to solutions of sodium chloride, a 
substance which, as Ringer ('95), Loeb (:oo, :o5), Gushing ( :oi), 
Ostwald (:05), and others have pointed out, is in its pure state 
especially injurious to many animals and animal tissues. These in- 
jurious effects can be largely counteracted by the addition of other 
substances, especially calcium salts, to the solutions — a procedure 
which tends to produce what Loeb has called a balanced physiological 
salt solution. 

If taste is related to toxicity in the way suggested, we ought to 
find an increase in the reaction times of Allolobophora to solutions 
of sodium chloride containing, for instance, calcium. The results.of 
a set of trials to test this question are shown in Table VII. 
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It is clear from these results that so far as the sense of taste in 
Allolobophora is concerned, calcium ions do not counteract sodium 
ions, and that these experiments give no support to the view that 
what will alter the toxicity of a substance will correspondingly change 
its taste. Nevertheless it must not be forgotten that silver and 
mercury ions can be tasted in greater dilutions than hydrogen ions. 



Read] on times 
ium chloride singly and combined. 



TABLE VII. 
seconds of Allolobophora to solutions of sodium chloride aitd c: 



Number 
of the 

33 


Number 
of the 
trial. 

1 

2 
3 


NaCI iS',. 


CaCf,,-,V 


sst.. 


13.6 
16.4 

17.8 


9.2 

8.4 
10.0 


17.3 
14.2 
11.2 


62 
9.0 
10 2 


34 


t 
2 
3 


0.2 
0-2 
02 


7.2 
7.8 
5.8 


02 

0.2 
0.2 


a2 

02 
0.2 


35 


1 
2 
3 


7.2 
6.6 

5,8 


11.2 

94 
12.6 


68 
7-4 

5.0 


12.2 
10.6 
8,2 


Averages .... 


5J j las 


5.0 S.S 


1 ThU 


nixture was made by adding to 5 c.c. of normal sodium chloride | 


5 c.c. of no 


mal calcium chloride and 490 c.c. of wat 


I. 


* ThUo 


ixiure was made by adding to 2.5 c.c, oi 


normal Sodium chloride 


2.5 c.c. of n 


Oimal calcium chloride and 495 c.c. ni wa 


ler. 



and hydrogen ions in greater dilutions than hydroxyl ions, and that 
the heavy metal ions are usually more poisonous than hydrogen 
ions and hydrogen ions more poisonous than hydroxy] ions. Whether, 
however, such a rule holds generally is still to be ascertained. But, 
however this may be, it is obvious, from what has already been shown, 
that the sense of taste in animals, as exhibited by their reactions to 
electrolytes, necessitates the conception of fundamentally diverse 
conditions in the protoplasm of their gustatory organs. 
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Summary, 

1. Allolobopbora fcetida withdraws from solutions of the chlorides 
of sodium, ammonium, lithium, and potassium varying in strength 
from mol. to ^^ at rates that show these salts to be stimulating in 
the sequence (beginning with the most energetic) of sodium, am- 
monium, lithium, and potassium. The worms withdraw quickly from 
distilled water that gives no evidence of oligodynamic action. 

2. Allolobopbora is stimulated in part by the physical action of 
the salt solutions (osmotic pressure, diffusion, etc.), in part possibly 
by the chlorine anions (but of this there was no conclusive evidence), 
and principally by the cations sodium, ammonium, lithium and potas- 
sium. The differential stimulation depends not upon valence or the 
sign of the electric charge, but upon the specific character of the 
cations. 

3. To man all four solutions taste salty, but with slight character- 
istic differences; the salty taste is due to the anion chlorine, the 
characteristic flavor to the cations sodium, ammonium, lithium, and 
potassium. 

4. In Allolobopbora the chief stimulus is the cation, in man the 
anion ; hence the gustatory protoplasm of these two organisms must 
be chemically differentiated in these two directions. 

5. In the manure-inhabiting Allolobopbora the four solutions are 
stimulating in the order sodium, ammonium, lithium, and potassium ; 
in the earth-inhabiting Helodrilus the same solutions are stimulating 
in the order potassium, ammonium, sodium, and lithium ; hence these 
reactions are indicative of a probable adaptation of the gustatory 
protoplasm of these worms to their own chemical environments. 

6. The reactions of Allolobopbora to solutions of sodium chloride 
are not influenced by solutions of calcium in such a way as to show 
that the sapidity of sodium chloride is related in any close way with 
its well-known toxicity. 
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Appendix. 

The seven following tables give in detail the reaction times to fifths 
of a second of 28 earthworms (Allolobophora foetida), four of which 
were used with each set of the seven dilutions of the four salts tested. 
The dilutions were mol. ^, ^, fj, ^, y^, and j~. The actual 
sequenec in the use of the salts was NaCI, KCI, Li CI. and NH^Cl, 
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but for convenience of reference this sequence has been changed in 
the tables (see p. 57). 

The eighth table gives in detail the reaction times of four earth- 
worms (Allolobophora foetida) to distilled water. 



TABLE VIII. 

Worms 1 to 4 wete tested, each one three times in each of the four moL solutions 
and withdrew in every case in Icsa than O.Z second. A> this nas the minimum unit 
of lime used for records, their reaction times have been set down as 0.2, and ate given 
in (he table in condensed form only. 

Temperature of the solutions, 19° C. 



No. of the 


m NaCI. 


m NH.Cl. 


m LiCl. 


mKCI. 


1, Z, 3. 4 


0.2 


02 


0.2 


0.2. 



TABLE IX. 
Temp«rature of the soluCic 



Number of 
the worm. 


SNaCL 


^NH.Cl. 


^ LiCI. 


^KCI. 


5 
6 

7 
S 


0.2 
0.2 
02 

0.Z 
0.Z 
0.2 

0.2 
02 
0.2 

0.8 
0.2 
02 


26 
1.6 
lf> 

3.2 

2.8 
2,8 

2,4 
2.4 
4.2 

2.2 
2.0 
2.6 


S.4 
8.6 
1S.4 

10,8 

1.S.4 
6.0 

11,2 
22,6 
10.8 

106 
13.2 
64 


14,2 
8D 
33.6 

226 
162 
7.4 

708 
46,8 
27.6 

22.4 
24.6 
28.2 


Average* 


0.25 


2,70 


11.37 


26.87 
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TABLF. X. 

I'emperature of the solutions, 20° C. 



Number of 
the worm. 


i-SNiCI. 


i";nh4Ci. 

9.8 
2.4 
16.4 

66 

3.0 
.S.4 

9.2 

3.0 
2-0 

3.2 
6.8 
100 

6.48 


6.0 

4-0 
9.8 

10.8 
&S 
16.2 

ia2 

42.8 
64 

19A 
32.4 
14.4 


TsKCI. 


9 
10 
11 
12 


0.2 

az 
a2 

0.2 
0.2 
0.2 

0.2 
0.2 
02 

a2 

0.2 
02 


12.6 
134 
60.0 

9.6 

24.8 
8.4 

906 

46.0 
37.6 

20,8 
21.0 
395 


Avenges 


a2 


15.12 


32.05 



TABLE XI. 
Temperature of the solutions, 19° C. 



Number of 
the worm. 


J™, NaCl. 


,1 NH,(:i. 


is LiCl. 


^s KCI. 


13 


0.2 
0.2 

0.2 


8.4 
312 

9.2 


320 
37.0 
17.2 


103fl 

laoo* 

22.0 


14 


02 
02 
0.2 


iO.6 
.S.6 
7.0 


15,4 
196 
63.4 


3Z.4 

3a2 

12.4 


LS 


0,2 

a2 

0.2 


9.4 
104 
1S.4 


26.4 
366 
41.4 


194 
12.8 
117 8 


16 
Averages 


02 
0.2 
0.2 


11.4 

4.8 
9.8 


220 
224 
29A 

30.25 


21.6 
168 
33.8 


02 


1135 


45a'> 


• An asterisk indicates th 


t at the end of tn 


o minutes the wo 


m had not with- 


drawn frum (he solution, and 


hat in consequent 


the experiment vr 


<s interrupted at 



..Google 



The Reactions of Earthwonns to Salts. 



TABLE XII 
Temperature of ihe solui 



Number of 
the worm. 


J-B ^»<.;i- 


fs NH,C1. 


,1 l-iCl. 


r. KCl. 


17 

IS 
19 
20 


02 

a2 

02 

a2 

0.2 
0.4 

a2 

02 
02 

06 

0.2 
0.2 


IS 6 
160 

7.2 

14.8 
18.4 
18.2 

27.6 
12.8 
IS* 

1S.0 
26.6 

2S.0 


S2.0 
475 
19.0 

1S.0 
120.0 • 

27.0 

22.8 
6a2 
255 

184 
9.8 
27.8 


1032 
3S.6 
63.6 

1200" 

515 
28« 

i2ao" 

202 
47.Z 

185 
26.6 
265 


Averages | 0.2S 


17.73 


37.80 


55.45 


• An asterisk indicates that at the end of two minutes the worm had not with- 
drawn from the solution, and that in consequence the experiment was interrupted 
at thai moment. 



TABLK XIII. 





Temperatu 


reof thesolulio 


ns, 20.5" C. 




Number of 
the worm. 


l7»NaCl. 


[So Nil (CI, 


,y,I.iCl. 


iy(Kci. 


21 


a2 

02 
0.2 


10.6 
34 

9.4 


16.4 

75 
390 


6.0 
29.2 
386 


22 


0.2 
02 

0.2 


6as 

31.2 
21.0 


15.0 
28.0 
1074 


605 
31.2 

21.0 


23 


50 

02 
5.0 


18.0 
13.0 
.SV6 


96.6 

14.4 

195 


12.2 

1004 
39.0 


24 


6.6 

a2 

a2 


160 


31.0 
4S.2 

13.0 


155 
112.0 
32 6 


Averages 


1-53 


23.05 


3613 


41.57 
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TABLE XrV. 
Temperature of the tolutious, 19° C. 



"tT^^. i ^"^-ci. 


.JfNH,CI. 


sSiLiCl. 


lii'.KCl. 


25 
26 

27 
Z8 


a2 

0.2 
4.0 

s.o 

8.0 

8,0 
18.6 
12.0 

%& 
7.6 
16.8 


190 
1Z8 

12,2 

9.2 
16,0 
19.0 

8.6 
9.4 
140 

4.2 
10.4 
11,4 


17.8 
10.4 
2J.0 

16.0 
17.4 

21.2 

17.4 
1R6 
23.0 

12.8 

14.2 
1S.4 


28.2 
36.8 
40.0 

38.2 
36B 
33.4 

36.6 
S4.4 
19X) 

5.4 
96 
21.0 


Averages 


7.43 


12.18 


17.27 


2983 



TABLE XV. 
Reaction times of four earltiwonnt (Ailolobophoi 
worms used had been previously employed for the 
Temperature of (he waler, 19° C. 



fce(ida) to distilled water. The 
otded in Table XIV, 



Number of 
(he worm. 


Fir*t trial. 


Second trial. 


Third trial. 


Averages. 


n 


126 


2S.4 


14.8 


17.6 


26 


20.0 


2S.4 


25.0 


23J 


27 


1S.2 


406 


36.0 


30* 


28 


60 


6.6 


12,6 


&4 




Gen 
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EXPERIMENTS ON THE PHYSIOLOGICAL ACTION AND 
METABOLISM OF ANHYDRO-OXYMETHYLENE- 
DIPHOSPHORIC ACID (PHYTIN ACID). 

By LAFAYETTE B. MENDEL and FRANK P. UNDEKHILL. 

[Frtm (At Shiffiild Lateralory of PAyHalagical Chmislry, Yale Unh-friily.] 

IN 1903 Hart and Andrews' reported a series of investigations 
which led them to the conclusion that commercial feeding stuffs 
of vegetable origin' do iiot contain appreciable quantities of phosphorus 
in organic combination. Germinated grains are rich in forms of solu- 
ble organic phosphorus; and germination does not, as is generally 
assumed, transform organic phosphorus into inorganic form. With 
rhis conclusion observations of Schulze and Castoro^ are in substantial 
accord. A subsequent study by Patten and Hart^ demonstrated that 
practically all of the soluble phosphorus of wheat bran is of an 
organic nature, and that the organic compound exists in the bran as 
a magnesium-calcium-potassiUm salt of a phospho-organic acid. The 
free acid was found to correspond to the formula CjHgPjOg; and 
Patten and Hart regard it as probably identical with a compound 
isolated by Posternak* from various seeds and other plant parts, and 
described as an hydro-oxy methylene di phosphoric-acid : 

H 
,(;H-0-P0{0H), 

\CH-O.PO(OH), 
H 

' Hart and Andrews: American chemical journal, 1903, xxx, p. 470; also 
New York Agricultural Experiment Station, Bulletin 238. 

* ScHULZB and Castoro: Zeitschrift fijr physiologiache Cliemie, 1904, xli, 
p. 476. 

■ Patten and Hart: Americaa chcmieat journal, r904, xxxi, p. 564, 

* Postkrnak: Complea rendua de !a soci6t^ de biologie, [933, Iv, p. 1 190. 
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Poslernak introduced the name "phytin" for this acid, but the 
term has lately been used commercially to designate an acid calcium- 
magnesium salt of the organic compound. 

The phospho-organic acid here referred to is doubtless the same 
substance which several investigators have met with in various plant 
materials in the form of its salts. PfefTer' probably detected a 
similar salt as early as 1872. Various workers in Schulze's labora- 
tory separated the characteristic compound whose properties Poster- 
nak later described.' The free acid obtained by Patten and Hart is 
a thick, transparent liquid of yellowish-brown color. It is readily 
soluble in water and alcohol, and has a sharp acid taste. Its alkali 
salts are freely soluble in water; the calcium and magnesium salts 
arc somewhat soluble in water, the barium and strontium salts 
sparingly soluble. The free acid is tetrabasic, and forms two 
salts: one normal, the other an acid salt. Heated with concentrated 
mineral acids, it is broken up quantitatively into inosit and phosphoric 
acid, according to the following equation: 

3 C,H,PaO, -h 3 H,0 = (CHOH)» -1- 6 H,PO,. 

Strong solutions of the acid are quite stable, and do not show the 
presence of phosphoric acid after keeping for many days.^ 

The compound just described, containing over twenty-six per cent 
of phosphorus, is of interest physiologically, because it occurs as a 
constituent of the food of both man and animals. Through the 
co-operation of Mr. E. B. Hart, we have attempted to supplement 
the extensive investigation conducted at the New York Agricultural 
Experiment Station (Dr. W. H. Jordan, Director) on the rdle of this 
phosphorus compound in metabolism. Commercial phytin has lately 
been introduced into medical practice with somewhat extravagant 
claims which demand careful experimental verification.' The investi- 
gations of Rohmann and his pupils^ have suggested that the phos- 

' Pfeffer: Jahrbiicher £iir wissenschaEtliche Botanik, 1872, viii, p. 147. 

'Pallauis: ZeitschrifC fiir Biologic, 1894, xjcxi, p. 199; Schulzb and WiN- 
TERSTEIN : Zeitschrift fiir physiologische Chemie, 1896, ixii, p. 90 ; Winterstein : 
lierichte der deutschen chemischen Gesellschaft, [897, xxx, p. Z299, 

* According to a personal communication from Mr. E. ,B. Hakt. 

* Thus Loewenheim: Berliner klinische Woch case h rift, 1904, p. 1221, hails 
phytin as " das machsligste Anregungsmittel des Stoffwechsels, das die Medidn je 
lur Verfiigung gehabt hat." 

« RfiHMANN; Berliner khnische Wochenschrift, 189S, No, 36; MarcuSB: 
Archiv fiir die gesammte I'hysiologie, 1897, Ixvii, p. 373; Steinitz : Ibid., 1898, 
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phorus of compounds, like casein and v'ttellin, is retained in the 
organism better than corresponding quantities of inorganic phosphate 
fed with ordinary proteids. Similar conclusions are afforded by the 
studies of Cronheim and Miiller' on growing children. It must be 
admitted, however, that the conditions determining the metabolism of 
phosphorus compounds are still too imperfectly understood to permit 
such satisfactory generalizations as apply in the case of nitrogen and 
some other elements." This is likewise true of the present signifi- 
cance of lecithins and other organic phosphorus compounds. 

The experiments of Gilbert and his collaborators* indicate that in 
the case of the dog, rabbit, and guinea-pig the salts of anhydro- 
oxymethylene-di phosphoric acid are scarcely toxic when administered 
per OS. Fatal results followed doses of 50 mgm. per kilo, given in- 
travenously; 200 mgm., intraperitoneally ; 2500 mgm., subcutane- 
ously; and 9500 mgm. per os. S^cheret claims that the proteolytic 
enzymes of the alimentary tract do not alter the acid in vitro ; and 
he concludes that it is probably transformed by the intestinal epithe- 
lium, so as to be finally excreted as inorganic phosphoric acid. The 
acid is not a protoplasmic poison ; it does not check the growth of 
the Eberth- or tubercle bacillus or Penicillium. Finally, S^cheret 
states that small doses of the salts of the phospho-organic acid, taken 
per OS in man, induce an increased excretion of nitrogen by stimu- 
lating tissue metabolism and simultaneously effecting an increased 
retention of phosphorus in the body. Without reviewing the purely 
clinical reports * which have been published, reference may be made 
to the observation of Scofone^ that phytin phosphorus is well ab- 

Izxii, p. 7;; Zadik: Ibid., 1899, Ixxvii, p. 1 ; Lbipziger: Inaugural Dissertation, 
Breslau, \%j^\ Khruch : Inaugural Dissertation, Breslau, 1900. 

• Cronhbim and Muller; Zeitschrift fiir diatetischc und physikalische 
Therapie, 1903, vi. 

• Cf., for example, the conclusions reached in Tigerstedt's laboralory, espe- 
cially EhrstrOh ; Standi navisches Archiv fiir Physioli^ie, 19041 xiv. The litera- 
ture on the metabolism of pliosphorus has recently been briefly reviewed by Albu 
and Neuberg; I'hysiologie und Pathologie des MineralsIoSwechsels, Berlin, 
1906, p. 134- 

• Gilbert and Posternak : La midication phosphor^e, Paris, 1903 ; Gilbert 
and Lippmann; La presse niidicale, Septembre, 1904; G. S^cheret; Thise 
de Paris, 1904. We h^ve seen an abstract of the last papei only, in the 
Jahresbcricht fiir Tliierchemie, 1904, xxiiv, p. 729. 

^ E .^.\ O.EWENHRIU : Berliner klinische Wochenschrift, 1904, p. 1221 ; FOrst: 
Centra blatt fur Kinderheilkunde, 1904, HeCt 1 1 ; Dambre: Coniribution k I'^tude 
de la mddication phosphoric. La Phytin. Th^se de Toulouse, 1905. 

* SooFONE : Abstract in Biochemisches Centralblatt, 190;, iii, p. 606. 
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sorbed, being excreted again in good part as earthy phosphate in 
the urine. Giascosa^ has also noted that phytin does not reappear as 
such in the urine; neither could its decomposition product inosit be 
detected. 

The most exhaustive study of phytin yet published was undertaken 
by Jordan, Hart, and Patten.* Their observations, which formed the 
immediate occasion for the present experiments, will be reviewed 
below, 

Experimental Part.' 

The product used in the present study was a solution containing 
28.9 per cent of the free acid CjHgPjOg. according to analyses by 
Mr. Hart, who sent it to us for investigation.* 

BaoteriologioBl te»t». — It was soon observed that solutions of the 
acid, made neutral to litmus with sodium hydrate, speedily show the 
presence of an abundance of micro-organisms, unless antiseptic pre- 
cautions are taken. This led us to suggest a bacteriological exami- 
nation of the solutions of the acid itself,* Examined in various ways, 
asrobically and anserobically, in plate cultures, with peptone, and on 
agar, the stock solution was always found to be sterile, without 
aseptic precautions being observed in preserving it. The germicidal 
properties of the acid solution were investigated as follows: Tubes 

' GiACOSA : Abstract in Biochemischep Centralblatt, 1905, iv, p. j72. 

* Jordan, Hart, and Patten : American journal of physiolt^y, 1906, xvi, 
p. 26S. 

* The writers are indebted to Director Jordan and Mr. E. B. Hart for the 
opportunity to undertake these studies ; and they acknowledge the co-operation of 
Mr. O, E. Closson in several of the experiments. 

* Inasmuch as the same sample furnished (he material used throughout all 
our trials, a portion of the unused solution was examined after more than a year to 
ascertain whether decomposition had taken place with liberation of free phosphoric 
acid. Owing to the similarity in solubility of the salts of the organic and inorganic 
acid, the problem is a difficult one. Following Mr. Hart's suggestion that if 
hydrolysis has taken place and phosphoric acid is present, the other product will 
be inosit, we have removed the preformed phosphoric acid and phytin acid with 
barium hydrate ; the excess of the barium was precipitated with carbon dioxide, 
and after concentration the filtrate was treated with alcohol and ether for the sep. 
aration of inosit. Since nothing was obtained by this process, the entire fluid was 
evaporated to dryness, and (he insignificant residue tested for inosit by Scherer's 
test with negative results. This accords with similar experiences of Mr. Hart; 
it seems unlikely, therefore, (hat the organic product had been materially altered 
during the course of our investigation. 

* The bacteriological tests were conducted by our colleague, Professor Rettoer, ' 
and Mr. Closson. 
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of bouillon medium were prepared so as to include varying proportions 
of tlie free acid C^H^PjOg. These tubes, as well as control tubes 
without any of the acid, were inoculated with B. colt t 
B. subiiiis. The results arc given below: 



\ mol. CjHaPjOi, sCer[le. ^ niol. C,HsF,0,. sterile. 

^ mol. CiHjP^Ot, slight growth. ^ mol. CiHgPiOg, slight growth. 

Add-Eree control, abundant growth. Acid-free control, abundant growth. 

Again to 10 c.c. portions of nutrient peptone, ^ cc, \ c.c, and i cc 
of the stock solution (28.9 per cent CjHgPjOg) were added in dupli- 
cate, and the tubes then inoculated with B. coH communis. The 
trials were made in both aerobic and anaerobic culture. The tubes 
containing ^ c.c. alone showed a doubtful trace of bacterial growth. 

Injection tilala. Subcttianeous injections. — I. A rabbit weighing 3.3 kilos 
received a subcutaneous injection of 21 c.c. of a solution containing 219 
mgm. of the phospho-organic acid neutralized with sodium hydrate, i, e., 
g2.8 nigin. per kilo, without showing unusual symptoms of aay sort. 
2. A dog weighing 7 kilos (see metabolism trial below) received repeated 
subcutaneous injections of the acid neutralized with sodium hydrate. 
The doses ranged from i^ 104 gm. (calculated as the acid) dissolved in 
30 to 30 c.c. of water. Aside from local irritation produced by the largest 
dose, no toxic symptoms were noted. 

lntrap€riionea} injections. — 3, A rabbit weighing 1.38 kilos received an in- 
traperitoneal injection of 10 c.c. ofa solution containing 389 rngm. of the 
acid (210 mgm. per kilo) as the sodium salt. One and one-half hours 
later a second injection {19 c.c.) of a similar neutral solution conUining 
400 mgm. acid per kilo was given. No untoward effects whatever were 
noted. 

4. The cat previously used in Experiment 6, below, five days later re- 
ceived an intraperitoneal injection {38 c.c.) containing 570 mgm. of the 
acid (as sodium salt) per kilo. Aside from slight nausea, no toxic symp- 
toms were noted. 

5. The only untoward symptoms obaerved after inUraperitoneal injection 
were seen in the case of a puppy weighing i.i kilos which received 18 
cc. of a solution containing 474 mgm. of the acid (as sodium salt) per 
kilo. The animal was attacked with vomiting and diarrhoea, but soon 
recovered. On the next day similar, though less intense, transitory 
symptoms followed the injection of 606 mgm. of the acid (as sodium 
salt) per kilo. 
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InlravfnoHs injections. — 6. During ether anceslhesia 58 c.c. of a solution 
containing 1.68 gm. of the acid (as a sodium salt) were slowly injected 
in the course of half an hour into the jugular vein of a cat weighing 2.3 
kilos. Dose = 718 mgm. per kilo. No permanent ill effects followed. 

The apparently innocuous effects of relatively large doses of the 
sodium salt of Patten and Hart's acid led us to study the effects of 
the acids and its salts directly on the blood. Injections were made 
into the facial vein in dogs, during A. C. E. ansesthesia, blood 
pressure being recorded from the carotid by a mercury manometer 
and blood samples removed from the femoral artery to study the 
clotting-time. 

7. A dog weighing 8.5 kilos received a rapid injection of 10 c.c. of the 
stock solution of the free a«V/^diluted to contain 5.8 per cent CoHsPjO,, 
in twenty-four seconds. Dose — 68 mgm. per kilo. The blood pres- 
sure immediately fell, a.nd the animal died at once. The abdominal 
blood vessels were greatly distended. 

8. A dog weighing 6 kilos received a series of injections of solutions 
containing either the sodium salt or the free acid. The intervals were 
sufficient to allow the return, of blood pressure to the normal. .\nEes- 
thesia with A. C. E. mixture. The injections were made quite rapidly. 





used. 


Dose per 

kilo. 


Volume 
injected. 


Blood pressure. 


Cloiting- 

( normal, 
4min.,. 
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Sodium salt 


T7 


'.S 


No effect. 


""■ 


11 


,. 


S,7 


20 


Very slight transLtory fall. 




III 
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8.7 


5 


" 


3 


IV 




26.0 


n 







V 




52-0 


30 


., 
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VI 


Free acid 


29-0 


30 


Slight transitory fall. 




VII 


" " 


96.5 


10 


Permanent fall, followed 
by death in a Short time. 





Metabolism trial*. —The preceding experiments have indicated the 
non-toxicity of large doses of the sodium salt of anhydro-oxymethyl- 
ene-diphosphoric acid when administered parenterally. In view of 
the claims already advanced regarding the peculiarly stimulating 
action of phyttn on nitrogenous metabolism, and its rdle in metab- 
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Si 



olism of phosphorus, we have conducted a series of trials with the 
wheat bran acid on a bitch. The animal was maintained on a con- 
stant diet consisting of 







p,o,. 


Calories 

(estimated). 


Hashed meat, 72 gai. ... 
Cracker meal, 76 gm. . . . 
Lard, 1* gm 


2*53 
1.31 


0.74 


300 
130 


Total 


3.84 


1.01 


520 



The urine was collected in daily periods by the use of a catheter. 
Nitrogen analyses were made by the Kjeldahl-Gunning method. 
Phosphorus was determined by Neumann's moist combustion method ' 
in the food and faeces; and in the urine, by titration with uranium 
solution after numerous comparisons of the two methods had shown 
a close agreement. The faeces were marked off by the use of 
lamp black and analyzed in corresponding periods. 

A study of the analytical data summarized in the following table 
fails to reveal any constant effect upon the metabolism of nitrogen 
produced by large single doses of the sodium salt administered per os 
or subcutaneously. Two experiments in which sodium phosphate 
(HNa^PO,) was injected subcutaneously are introduced for compari- 
son. The excellent utilization of nitrogen is in no way altered by the 
compounds studied. The nitrogen balance is favorable throughout 
except in those periods in which the subcutaneous injections were 
made. Here, however, the greater disadvantage lies with the inor- 
ganic phosphate. The phosphorus balance is likewise favorable, and 
shows a considerable storage throughout the entire period, indepen- 
dently of the phosphorized compounds used. They failed therefore 
to exert any marked influence upon these features of metabolism 
under the conditions of experiment observed. What specific effects, 
if any, might be elicited by long-continued feeding cannot be foretold 
from such data. Upon this point we refer to the very comprehensive 

' Neumann: Zeit&chrift nirphysiologische Chemie, i9oz,xxxvii, p. iij; 1904, 

xliii, p. 32. 
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investigation of Jordan, Hart, and Patten' on cattle at the New York 
Agricultural Experiment Station. Their plan consisted in feeding 
the same animal rations difTering greatly in the amount of phospho- 
rus which they supply. The ration low.in phosphorus was prepared 
by removing the phytin from wheat bran, untreated whole wheat bran 
being used in the companion experiments. It is impossible to review 
in detail the numerous interesting observations. They noted that 
the amount of outgoing phosphorus rose and fell with the quantity 
supplied in the food, though within narrower limits. When the 
phosphorus supply was abundant, there was a storage of this element. 
No relation appeared to exist between nitrogen excretion and phos- 
phorus elimination. With these observations our own experience is 
in substantial accord. 

Another point, however, calls for more extended reference. Jordan, 
Hart, and Patten found that through katabolic changes the phosphorus 
of the phytin and that of the unused digested nucJeoproteids was re- 
duced to inorganic combinations, and was excreted chiefly in the 
faeces, though to a small extent in the urine. The organic phos- 
phorus bodies of the egesta were little affected, if at all, by the 
proportions of phosphorus compounds in the food, the rise and fall in 
the outgoing amounts occurring almost entirely with the inorganic 
salts found in the excreta. Our own experience with the sodium s'alt 
of CjHgl'jOg corresponds with the preceding in indicating a practi- 
cally complete conversion of the phosphorus of the organic compound 
into inorganic phosphate. At any rate we have concluded that it 
was excreted in this form because of the agreement between the 
figures obtained by direct titration of the urine and those furnished 
by the Neumann method. Jordan, Hart, and Patten came to a similar 
conclusion because they were entirely unable to separate phytin or 
other organic forms of phosphorus from the urine. Scofone' and 
Giacosa' report the same outcome. Our experiments on the dog 
differ notably, however, in one respect from those obtained with cows. 
The phosphorus 'Mas eliminated almost entirely by way of the kidneys. 
The response in the urine to the increased ingestion of phosphorus 
compounds was speedy, rarely being prolonged beyond the day of 

1 Jordan, Hart, and Patten : American journal of physiolt^, 1906, xvi, 
p. z68. 

" SCOPO.NE ; Loe. cit. 
* GiACOSA ; Loc. cit. 
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administration, i. e., no marked "lag" in the urinary excretion of 
phosphorus was noted.^ 

The path of elimination for phosphorus compounds has been the 
subject of considerable controversy. It has been noted, particu- 
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Nitrogen. 
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aab 


035 
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0.67 


0.28 
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0.87 


034 




4 
5 


0.79 
0.66 


0.50 

038 


Neutral solution CiHsPjOB = 037 gm. P,0, 
given through stomach lube. 


6 


065 


0.44 




7 


0.91 


0.43 




8 


a98 


a70 


Ditto = 037 gm. P,0(. 


9 


0.81 


0.66 




10 


0.89 


0.47 




11 


0.76 


0.78 




12 


0.6+ 


045 




13 


0.72 


0.48 




14 
15 


072 
0.49 


074 
0.44 


S<Jl««ion of NajHPO, = 033 gm. PjO, given 



larly in herbivora, that the intestine may play a preponderating rdle 
in this respect. The disoussion of this question must be reserved 
for a subsequent paper. It will suffice to point out here that in the 
present experiment the gut has not co-operated noticeably in the re- 
moval of the excess of phosphorus — in contrast with the observations 
on cows. We have also studied the path of elimination in an herbiv- 
orous animal, — the rabbit, — after introduction of solutions of the 
neutralized wheat brand compound. The animal was fed 300 gm. 

' On the " lag " in phosphorus 
journal of physiology, 1900, iv, p. 
Chamberlain : 1903, x, p. 269, 



cf. Sherman anJ Hawk: American 
Hawk: Ibid., 1903, x, p. lis ; Hawk and 
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of carrots, and the urine expressed'^t a fixed hour daily, by pressure 
on the bladder. 

It is evident from these data that in rabbits also the phosphorus 
of the phospho-organic compound may be speedily eliminated in the 
urine, precisely as occurs when sodium phosphate is administered. 
The place of introduction did not alter this. 

L«xatlT« eff»ota of C,H^,0.. Experimenls. — In a rabitt a dose of 1.3 
gm. CiHj,P,0, per kilo, administered as a sodium salt through a stomach 
sound, failed to produce any purgative effect whatever. With dogs the 
results were variable. A bitch weighing SJ kilos was kept under observa- 
tion in a metabolism cage and fed upon bread and meat twice daily. 
This diet afforded fairly well-formed faeces. At intervals solutions of the 
acid (as the sodium salt) were given per os, and frequent observations 
were made on the quantity and character of the stools. Protocols 
follow : 

May 16-20. Normal diet. Well-formed fices daily. 

May 21. S.8 gm. CjHbPjO, fed in two doses. Diarrhnal HobI. 

May 22. Ditto, single dose. Diarrkaal stool. 

May 23- Normal diet. No fxcea. 

May 24. 2.9 gm. C,H,Pj(J, fed. Diarrkaal tlotl. 

May 25. Normal diet. Slight diarrhnal sloel. 

May 26-29. Normal diet. The fxces regain their normal consistency. 

In order to compare the effect of sodium phosphate, to the formation of 
which this laxative action might be attributed at first glance, solutions of 
the inorganic phosphate were administered per os. The equivalent doses 
are : 8,7 gm. HNajPO, ■ 11 aq. = 0.755 g"- P = '-9 g""- CjHgPjO,. 

May 30- Alwut 4 gm. sodium phosphate fed. Moderately soft stool {?) 

May 31. Normal diet. Feces nonnal. 

June 1. 8.7 gm. sodium phosphate fed. Laxative effM very soon. 

June 2. 9 gm. NaCl given in solution. Vomiting. No purgative effect. 

June 3. Normal diet. No fices. 

June 4-6. C,HpP,U« given as above, but in small portions, at intervals. No 

pui^ative effects. 
June 7. 2.9 gm. CaH,P,0|, given in a single doae. No purgative effect. 

Another dog of 19 kilos body-weight, similarly fed, was given 5.5 gm. 
C»HjPaOi (as the sodium salt) without effect. An additional dose of 
7.2 gm. on the next day provoked a diarrhceal discharge. Two days 
later 17 gm. HNajPOi (equivalent in phosphorus content to about 5.8 
gm. CjHjPjO,) were similarly administered in solution without any 
pronounced purgative effect withm the following ten hours. Later soft 
faeces were discharged- 
In the metabolism experiments reported above, with the doses there 
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employed no laxative effects were noted except on one day (November 
tS), when the largest single dose of the phytin acid was fed. 

From their experiments on cattle, Jordan, Hart, and Patten con- 
clude that phytin exerts a distinct laxative effect, because its with- 
drawal from the ration usually was attended with marked constipation. 
Our experience with the sodium salt of CjHgPjOa in experiments on 
the dog and rabbit is not so uniformly in accord with this. Several 
distinctive features should, however, be borne in mind. We have 
already shown above that the path of excretion for the metabolic 
products of CjHgPjOg docs not directly involve the intestine in all 
animals, a fact which may have a bearing on the production of pur- 
gative reactions.^ Again, the salt fed by us differed from the natural 
phytin in the character of the bases present; and, finally, our trials 
were made with single doses and are perhaps not strictly comparable 
with prolonged feeding trials. It should be noted that investigators 
are by no means agreed regarding the effects of the saline purgatives- 
Conditions arise in which pendular movements of the intestine may 
be increased without purgation, the two phenomena remaining 
essentially distinct.' 

It might be objected that the easily digested ration employed by us 
offers relatively small food residues and is therefore poorly adapted 
for such experiments. In view of the statement that phytin is not 
decomposed by alimentary enzymes, one must hesitate to ascribe the 
supposed laxative effect to soluble phosphate developed in the intes- 
tine. With so large a number of complicating factors further ex- 
periments in this direction seem unpromising. Perhaps trials with 
phytin itself will furnish more convincing evidence. 

SUHHARY. 

A solution of anhydro-oxymethylene-diphosphoric acid, the acid 
radical of phytin, prepared from wheat bran, appears to be quite 
stable. When present in sufficient concentration, the acid in- 
bibits the growth of bacteria. The salts of the acid are not noticeably 
bactericidal. 

Comparatively large doses of the phospho-organic acid, used as the 
sodium salt, can be introduced into animals either per os, subcu- 

' On this point cf. Mi;N*DeL and ThaCher ; American journal of physiology, 
1904, xi, p. 15 ; Mendel and Sicher : Ibid., 1906, xvi, p. 151. 

' Cf. AUEK ; Proceedings of the society for experimental biology and medicine, 
American medicine, 1906, p. 33. 
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taneously, interaperitoneally, or intravenously, without unfavorable 
effects. The free acid is more toxic. 

No marked or immediate characteristic effects of the sodium salt 
upon general health or nitrogenous metabolism have been observed. 
The compound is readily absorbed and speedily transformed within 
the organism. Its phosphorus reappears in the excreta as inorganic 
phosphates. No constant relation between the metabolism of nitro- 
gen and of phosphorus was observed. In these details our experience 
with the dog corresponds with the observations of Jordan, Hart, and 
Patten after feeding phytin to cattle. Our results differ in showing 
that in both the dog and rabbit the excess of phosphorus was almost 
entirely eliminated through the kidneys rather than in the faeces. 
This may have an important hearing on the possibility of producing 
laxative effects with phytin. 

In our experimental animals purgative action could not be con- 
stantly provoked. Very large doses were frequently effective. No 
permanent generalizations can be drawn from the observations made 
on this point. 
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THE RELATION OF IONS TO CONTRACTILE PRO- 
CESSES.—!. THE ACTION OF SALT SOLUTIONS 
ON THE CILIATED EPITHELIUM OF MYTILUS 
ED U LIS. 

By RALPH S. LILLIE. 

[Frvm Ihi Marine Biotogical Labaralory, Weeds ffule.'] 

I, Introduction, 

THE following paper describes the results of part of a comparative 
investigation on the relation of ions to contractile processes in 
animal tissues. The present study was begun in the summer of 1904 
at Woods Hole with the aid of a grant from the Carnegie Institution, 
and has been conducted chiefly at the Marine Biological Laboratory, 
partly at the Zoological Station in Naples. I have thought it desira- 
ble to study the phenomena of ciliary movement in some detail, since 
this appears to be the most primitive, as it is the most widespread, 
form of specialized contractile activity; the fundamental processes 
concerned in any form of contractility with a fibrillar basis are there- 
fore likely to be found in this tissue in a relatively simple and un- 
modified form. 

The present study, apart from its special relation to contractility, 
has brought to light many facts bearing on the more general prob- 
lems of the relation of the electrolytes in cells and tissues to physi- 
olc^ical processes. These facts tend strongly to confirm the view 
that the physiological action of the salts is due chiefly, if not en- 
tirely, to the ions resulting from their dissociation, and that anions 
and cations have in general opposite action on the tissue, this action 
consisting largely in effecting changes in the aggregation-state of the 
colloids of the cell.^ The contractile activity itself is in all likelihood 
due to changes of this kind,^ Other physiologically important pro- 

' Cf. Greeley's paper on the protoplasm of Paramcecium and the action 
of electrolytes in changing its physical structure. Biological bulletin, 1904, viii 
p, 117. 

* Cf, my paper on the relation of coagulative changes to contractility in the 
Ctenophore swimming plate. This journal, 1906, xvi, p, 117- 
89 
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cesses, as alterations in the water-content of the protoplasm and the 
related phenomena of absorption, changes in the permeability of the 
cell membranes, etc., appear to be similarly conditioned. My results 
also indicate that the injurious action of pure solutions of many salts 
(as sodium salts) depends largely on their producing alterations in the 
colloids of the tissue, due to the preponderating action of one or other 
of the oppositely charged ions of the salt. The so-called "antitoxic" 
action, by which this injurious action is diminished or removed by 
the addition of certain other salts to the pure solution, is due appar- 
ently to an approximate equalization of the opposite actions of anion 
and cation by the introduction of physiologically active ions of a sign 
opposite to that of the prepotent ions in the toxic solution. An 
approximately balanced condition of the opposite ion-actions is thus 
secured ; hence the restoration of favorable conditions, or the " anti- 
toxic" action. Considerable space is thus devoted below to a con- 
sideration of the changes due to direct action of the ions on the 
colloids of the cell; the phenomena of swelling and of coagulation 
resulting from such action are seen to have a definite influence on 
the physiological activity of the cell, and antitoxic action is shown to 
consist largely in the counteraction of these changes in the colloids. 
The differences between the physiological activities of the various 
ions, and the relation of these differences to the physico-chemical 
characteristics of the ions — migration-velocity, sign and number 
of charges, detachabitity of charge (decomposition tension) — are also 
considered at some length. 



II. Method of Experimentation. 

The ciliated epithelium of the gill filaments of Mytilus edulis, the 
common mussel of the North Atlantic coast, was the tissue used in 
most of the following experiments. The specimens of Mytilus were 
in almost every instance collected on the day of the experiment, since 
the animals undergo a somewhat rapid deterioration if kept in the 
running water of the laboratory. The gill lamellae are removed with 
scissors, cutting close to the base of attachment; the component gill 
filaments may then be easily separated from one another by a pair of 
needles. Each gill lamella is composed of a large number of long 
filaments with opposed flat faces kept in loose connection by tufts 
of short interlocking cilia (fit ibranch late gill structure); there is thus 
no fusion of adjacent filaments as in the higher mollusca, and ihe 
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filaments are easily separable from one another withdut injury. Such 
isolated filaments are usually about a centimetre in length, and from 
one-third to one-half milimetre in average breadth across the opposed 
faces. They broaden slightly at their tips; the extremity of each 
exhibits a bay or indentation, so that along the free border of the 
lamella formed by the numerous closely applied filaments runs a well- 
defined groove with rounded borders. 

The outer surface of each filament is covered by a columnar ciliated 
epithelium. The cilia are almost uniform in length along the outer 
surface of e^ch lamella, except at the margin of the above described 
groove, where they are longer than elsewhere, and in the interior of 
the groove, where they are several times shorter than over the general 
surface. The direction of the effective beat is from above downward 
(do rso-vent rally) along both surfaces of each lamella, and from be- 
hind forward (i. e., toward the mouth) along the margins and in the 
interior of the groove. 

Filaments thus isolated may be kept in sea water, in which they 
remain active and unaltered for an indefinite length of time. Micro- 
scopic examination for the purposes of the following investigation was 
made in watch glasses under a magnification of fifty to seventy-five 
diameters. In experimenting with a series of solutions my usual pro- 
cedure has been as follows: a large number of filaments are first of 
all isolated and kept in watch glasses with sea water. Several fila- 
ments arc then transferred by forceps to a clean dry watch glass, the 
filament being grasped at one extremity and removed from the sea 
water in such a manner as to be freed of all but a very thin layer of 
adhering sea water. The previously prepared solution (e.g., '^ NaCl, 
etc.) is then added to the watch glass in measured quantity (usually 
10 CO.), and the time of addition is noted. Examination may then 
take place; or the procedure may be immediately repeated with the 
next member of the series of solutions, and so on. If the filaments 
are transferred to the successive members of a series of solutions at 
regular intervals {e.g., of one minute), and the subsequent examina- 
tions take place at corresponding intervals, all the solutions are 
examined at equal intervals of time after the addition of the filaments. 
This has been the usual practice with series containing a large num- 
ber of solutions. In order to minimize error arising from variations 
in the tissue, I have made use in every such series of filaments taken 
from a single animal. 
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III. Action of Pure Solutions of Various Salts. 

Several preliminary determinations were made with pure \ m solu- 
tions of the alkali chlorides LiCl, NaCl, NH^CI, and KCI on the gill 
filaments of three other species of bivalve mollusk: Pecten irradians, 
Venus mercenaria, and Mya arenaria. In all these animals the rela- 
tive favorability of the four salts was the same as with Mytiius, and 
seems indeed, so £ar as my observations extend, typical and charac- 
teristic for the cilia of marine organisms in general. In puref « 
LiCi and NaCI movement ceases either instantly or within a few 
minutes (sooner in | m LiCl) ; in | »i NH^CI movement is decidedly 
more active and lasts much longer, — at least half an hour, — while 
I nt KCI shows the favorable action so typical of solutions of K-salts, 
movement lasting for several hours. The same order of Increasing 
favorability — Li, Na, NH^, and K — is seen in Mytiius. Since the 
four genera are from widely difTerent and representative orders, the 
presumption is that this condition holds true at least for the gener- 
ality of marine mollusca, if not of marine animals. Experiments 
with pure \m solutions of alkali earth chlorides showed a similar 
general resemblance to the conditions met with in Mytiius. Rela- 
tively few experiments were made with the above forms, and the 
remainder of the following investigation relates exclusively to Myti- 
ius, which is especially favorable on account of the structure of its 
gills and the ease with which the animals may be obtained at all 
periods of the year. 

BodlTun. salts. — The action of pure solutions of the following 
sodium' salts 'in ^ ?« and ^ concentration was tested on the gill 
filaments of Mytiius: NaF, NaCI, NaBr, NaT, NaCIOj, NaNOg, 
NaNOj. NaCNS, NaBrOa, NaCOOCHj, NajSOg Na^SO^, NajSjOg, 
NajC^H^Oa. NajCgHjO,, NajHAs04, Na^HPO^, Na.Fe (CN)^, In 
every instance ciliary movement, which at first often shows con- 
siderable activity, becomes rapidly slower, and as a rule is found to 
have entirely ceased after fifteen minutes; the great majority of cilia 
are arrested within a much shorter period. Occasionally filaments 
have been seen in which a few cilia have continued movement in 
" NaCl for so long as thirty minutes; this is exceptional, the rule 
being rapid arrest. The more powerfully acting salts (Nal, NaBrOj, 

' The salts used in the investiga.tion were in nearly all instaiices Kahlbaum's 
purest preparations, and the concentrations were standardized in the case of deli- 
quescent salts like CaCl,, MgClj, etc. 
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NaCNS) produce a partial liquefaction of the ciliary substance similar 
to that seen in Arenicola larvs In pure ^ NaCI ; ^ the cilia of Mytilus, 
however, undergo this change less readily than those of Arenicola. 

Thus pure solutions of all sodium salts produce a rapid arrest of 
movement The different salts act with unequal degrees of rapidity; 
the short duration of the movement makes it difficult to range the 
salts (or their anions) in the order of their toxicity ; this can be done 
better with salts of ammonium or of potassium in whose solutions 
movement continues far longer. Nevertheless it is readily observed 
that in solutions of sodium salts whose anions have markedly toxic 
properties {as NaF, NaCNS, NaBrOj, NaaHAsO^, NajSOg, etc.: see 
below) movement is arrested distinctly more rapidly than in solu- 
tions of NaCI, NaNOg, Na^ tartrate, where the anions are relatively 
non-toxic. 

PotaMinm aalta. — In pure solutions of almost all potassium salts 
movement is from the first remarkably active and energetic, exhibit- 
ing a peculiar rapid vibratory quality absent in other solutions; 
vigorous activity may continue for many hours in solutions of salts 
with non-toxic anions. The following table summarizes a number 
of observations made with solutions of various potassium salts ; the 
times given represent the maximum observed duration of movement 
in f solution. 

TABLE I. 



? sail. 


Maximum observed duration 


in each experimeni 


KF . . . . 


. 0m.;4m.; tm. 


KCl . . . . 


. 14 h. ; 24 h. ; 19 h. ; 17 h. 


KBr .... 


. 4h.Z5m.i6h. +.5 


KI . . 


. «.40m.i 14m.; Zh.«m.] 


KNO, . . . 


. 4h.20m.; S h. 45 m. 


KCIO, . . . 


. 26 h.; 4h.40m. 


KCOOCH, . 


. 21 h.i 17 h. 


KCNS . . . 


. 3 m.; Sm.; 2 m. 


K,SU« . . . 


. 4h.l8ra.; Sh.4Sm+. 


K,CiO, . . 


. 2h. 18 m.; 54 m.; 2h. 40ni 


KjC^H.Og . 


. 4h. 16m.i Sh.44m. +. 


KjHPO, . . 


. 9 m.: 18 m. 


KtHAsO, . . 


. 2 m.; 2 in.; 7 m. 


KaCjHjO, . 


. 4h.lOm.; 5h.45m. 


K,Fe(CN)g . 


. Ih.SSm.; 30m. -i-j 2 h. 44 



' This journal, 1904, x, p. 419. 

' The 4- sign indicates that the movement was sufficiently active at the last ob- 
ontinue for a considerable period longer, — /'. i., probably some hours 
i( the previous duration of movement had been for several hours. 



..Google 



94 



Ralph S. Lillie. 



It will be seen that in all but the solutions with the more toxic 
anions (KF, KI, KCNS, K^HAsO^. KjHPO^, K^CjO,, K,Fe(CN)a) 
movement continues for many hours. Even in ^ KI, K^CjO^, and 
K4Fe(CN)g, salts of considerable toxicity, movement may last for two 
or three hours, — far longer than in the least injurious solutions of 
sodium salts. The contrast with the sodium series is striking through- 
out ; the potassium ion appears for some unascertained reason to be 
strongly favorable to ciliary movement; this has been observed in 
numerous other instances.' The explanation of this striking contrast 
between the salts of two such closely related metals is unknown. 
Rubidium and caesium bear a marked resemblance to potassium in 
their relation to this form of protoplasmic activity. Lithium, on the 
other hand, resembles sodium. It seems probable that the favorable 
action of potassium, rubidium, cassium, and ammonium is correlated 
with their relatively high ionic velocity. 

Ammonium salts occupy an intermediate position in their relation 
to ciliary movement ; movement is vigorous at first and lasts for a 
considerable length of time. The following table gives the observed 
maximum duration of movement in solutions of a number of ammo- 
nium salts ; — - , 
TABLE II. 

Salt. 

NH^Cl . . , 

NHjBr . . . 

NHjNOj . . 

(NH,) SOj . 

(NH^) HPO, . 

(NH() C,H,Oj 



iMima 




of movement. 


eon 


. 4- ; 45 m. 


21 II 


.4-;3h.45iii. 


2h. 


3 h. 45 m. 


5h. 


3h, 


5h. 


6h.; 4 h.30m. 


3m 


i <9m. 


Sm 


! 9in. +. 



Since the potassium ion has such remarkable action in sustaining 
ciliary movement, we may regard the above varying results with 
solutions of the pure salts as furnishing a certain indication of the 
relative toxicities of the various anions in relation to this form of pro- 
toplasmic activity. The following then appears: fluoride is rapidly 
destructive. Chloride, bromide, and iodide show increase of toxicity 

> Cf. my paper on ArenicoU : Loc, cit. ; also This journal, 190s, vii, p. z; ; Lobb : 
This journal, 1900, iii, pp. 327, 383. KCl also sustains ciliary movement In Me- 
tridium, where it also induces reversal of stroke; NaCl appears more favorable in 
this form than in the animals I have studied. Cf. Parker; This journal, 1905, 
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with increase of molecular weight, or with decrease of decomposition 
tension of the anion. Acetate and chlorate are similar to chloride, 
and arrest movement only gradually. Nitrate is like bromide in 
being somewhat less favorable than chloride. Sulphocyanate is rap- 
idly destructive of ciliary movement. The above are monovalent 
anions, and their relative toxicities arc probably fairly accurately 
represented as above, since their concentrations in the above solutions 
are almost alike. Sodium sulphate in dissociating yields partly the 
bivalent SO^, and partly the monovalent NaSO^ anions; tartrate 
undergoes an analogous dissociation. Both these salts resemble the 
nitrate and bromide in their general action. Oxalate is more toxic 
than either. Citrate is in general more toxic than tartrate ; this is seen 
also with sodium salts, and appears more clearly in the experiments 
below on antitoxic action (p. 104). Phosphate and arsenate are both 
more toxic than the citrate ; the presence of trivalent anions in these 
last three solutions may account for a portion of the toxicity, though 
this consideration fails to explain the more favorable action of the 
citrate. It is somewhat surprising to find that movement, which at first 
is active and apparently normal, may continue for so long as two or ■ 
three hours in the solutions of ferrocyanide. This fact, and also the 
relatively slow action of potassium oxalate solutions, illustrate in a 
striking manner the specific favorability of potassium salts (inferen- 
tially of the K-ion) toward ciliary movement. 

A further index of the relative toxicity of the various anions is 
seen in the varied susceptibility of the di^erent sodium salts to the 
antagonizing or antitoxic action of salts of bivalent metals, especially 
of magnesium. Later a further comparison of relative toxicities will 
be made with these latter facts as a basis. The results of these two 
independent methods of determination agree very closely (see p. 107). 
A further peculiarity of potassium salts is the fact that cilia will con- 
tinue activity for long periods of time in strongly hypertonic solutions 
of the pure salts. Thus in ^ m solutions of the following salts,* 
KCl, KBr. KNOg, KCOOCHg. movement lasted for more than an 
hour in each instance, and in m-soluttons of these salts and also of 
KI, KjCjOj and K3C4H4OB active movement lasted for even longer 
periods, — in the case of the less toxic salts for several hours. 

Rubidium and caesium chlorides show a decided similarity to 
potassium chloride in this respect as well as in their general action. 
The following solutions were tested : — 
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TABLE in. 

Rubidium Chloride. 

1. m RbCl, 3.34, Aug. 17, 1904. Trembling moveminU of cilia begin to appear at 3.41. 

At 4.03 movement is active and energetic; has almost ceased 

at 6.27 i.Sk.\. 

Z. -t^m RbCl, 33S. Active movement at 3.42; continues longer than in Solution 1 

cilia are fairly active at 6.Z8 (3 A.), 

3. V\, m RbCl, 136. Active movement 1 more favorable than Solution 2 ; active at 6.29 

(5 h. +).! 

4. ^m RbCl, 3.37. Like Solution 3, but rather less favorable; swelling and detachment 

o( cells are more marked ; movement is fairly active at 6J0 

5. -^iH RbCl, 3-38. Activity is less than in Solution 4, and swelling is more marked ; 

dlia have almost ceased at 6.31 [3 6.). 

CESIUM Chloride. 

1. mCsCI, 3.48, Aug. 17. Movement is well marked at 3..'iS, Ihough slower than in 

M RbCl. At 4.16 only a lillte slow movement remains; has 
ceased by 5.02 [2S m.). 

2. -ftt" CsCl, 3.49. Like Solution 1; movement is more active [SS m. +). 

3. -fsiH CsCl, 3.50. Movement is active at 3.57 ; almost ceased at 5.05 ; ceased at 6.Z4 

4. ^ t» CsCl, 3.51. Fairly active movement, ceasing somewhat sooner than in Solution 3 

Ua. lA.). 

5. -ft m CsCl, 3.52. At Z.S9 movement is less active than in Solution 4, and celU show 

considerable swelling ; almost ceased at 4.20 {2S «.). 

In -^ m and ^ in solutions of RbCl and CsCi the cells rapidly swell 
and disintegrate, and movement ceases in a few minutes. 

The action of RbCl seems thus closely similar to that of KCl. 
CsCl in the solution employed, made from a supposedly pure prepa- 
ration of Merck, appeared less favorable than RbCl, though otherwise 
similar. Potassium, rubidium, and Ccesium, according to the results 
just cited, are thus decreasingly favorable to ciliary movement in the 
order named ; all three, however, differ markedly from sodium and 
lithium, whose salts in pure solution have almost no power of sus- 
"taining ciliary movement. 

The difference between K, NH^, Rb, Cs, on the one hand, and 
Na and Li on the other shows an interesting relation to their 
respective ionic velocities. The absolute velocities of the K and 
NH4 ions with a potential gradient of one volt per centimetre are 

' In ^ OT RbCl in another series of experiments movement lasted ca. seven 
hours; in a. third series for more than twelve hours. 

* In another experiment with f^ m CsCI and filaments from another animal 
movement lasted 'for more than two and one-half hours. 
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respectively .00067 and .00066, of Na and Li .00045 ' and .000347 
centimetres per second. Rb and Cs, according to Boltwood's and 
Bredig's determinations, have velocities almost identical with those 
of K and NH4.^ These four cations have thus velocities about one 
and a half times greater than that of Na ; the greater inertness of Li 
as compared with Na shows a similar relation to lower ionic velocity. 
The favorability of K, NH^, Rb, and Cs is thus apparently correlated 
with a high ionic velocity. Their ready penetration into the con- 
tractile tissue, as evidenced by the action of the above hypertonic 
solutions, is possibly also to be explained on this ground. 

Salta of the alkali sartli metala. — In pure solutions of the alkali 
earth chlorides within a certain range of concentration ciliary move- 
ment may continue for very considerable periods. Calcium, barium, 
and magnesium chlorides in concentrations ranging from ^m \a 
-^ m permit movement to continue for many hours. Strontium 
chloride differs somewhat curiously and unaccountably from calcium 
chloride in that its pure neutral solutions quickly arrest movement 
This action, however, is readily counteracted by tie addition of small 







TABLE IV. 






MylUu, tdulh. 


rt«C>Cl,. 


Movement 


ceases at once. 


A-CaCI* 


6 h. 38 m. : 


7h.2Sm. ; 18h. 14 ra.; Sh. 17 m. + *; 4h, 48 m.; 




18 tn.; 


: 8 h. 46 m. 


A«CaCI.. 


30h,26m 


.; 28h. ; 23h. ZSm, ; 6 h. 27 m. + (no movement at 




vation 


, 24 b. later) ; 25 b. 22 m. ; 19 b. 50 m. ; 19 b. 22 m. 


A«CaCV 


30 h. 26 m 


. ; 33 h. 34 m. 


A^MgCl^ 


40 m.; 2 h 


1. 37 m. 


ft»MgCI,. 


3 h. 25 m. 


;2b,; 4h.; Sh.22m ; 3 h.+ ; 5 h. 19m.+ ; 8 h. 49i 


A«MgCV 


Zb.+ ;4h 


1. 44 m, ; 5 h. 14 m. ; 5 h. 40 m.+ ; 8 h. SO m. 


A»MgC1^ 


8h, SOm.: 


; 4 b. 44 m.+. 


SrClj. 


(Movemen 


It alwayt ceases within 30 m.) 


A«SrCl^ 


Ceased in: 


ilanlly in two caset observed. 


A"SrCI,. 


0m,;8m 


. ; 22 m.; 12 m,; 5 m, 


A - SrCI,, 


Om.;29t 


n.; 16 m.; 25 m. ; 20 m. 


AwSrCl,. 


20 m. {one 


observation). 


A * BaClr 


7 h. 39 m. 


; 1 h. 3 m. 


A « BaCl^ 


7 h. 39 m. 


; 2h.4m.;4h.59m.; 4 h. 45 m. 


A " BaCl,. 


7 h. 39 m. 


; 5 h. 13 m, ; 32 m, ; 1 h. 2 m. ; 30 h. Z.S m. ; 19 b. 38 : 


A«B>cv 


7 h. 39 m.- 


fi 13h.S6m. 



' Cf. Kohlbausch's tables. 

* The + sign indicates that movement at the last observa 

ive to continue from one to several hours longer. 
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quaatities of alkali, or of certain other salts with powerfully acting 
anions (KCN, NaBrOg, NajHAsO^; see below, Tables XXI to 
XXIII). 

A large number of observations have been made at various times 
during 1904 and 1905, both at Woods Hole and Naples, with pure 
solutions of alkali earth chlorides ; the foregoing table summarizes the 
results of these \ after each solution is given in hours and minutes the 
maximum duration of movement observed in the different instances. 

In general the chlorides of these metals, with the exception of 
strontium, resemble those of potassium, rubidium, and caesium in 
exhibiting a strongly favorable action toward ciliary movement in 
pure isotonic solution. They differ in the respect that even mod- 
erately hypertonic solutions (^ m or ,"„ m) rapidly bring movement 
to a standstill, — an apparent indication that their ions penetrate the 
tissue with less readiness than those of the above alkali metals. In 
solutions of the same or slightly lower osmotic pressure than the 
sea water calcium chloride sustains movement in general longer than 
magnesium chloride, and this salt than barium chloride. 

I found the cilia of Mytilus galloprovincialis in Naples more resist- 
ant to the action of these solutions than those of Mytilus edulis. In 
one experiment movement lasted in the three solutions ^^, -^, and 
^ CaClj for sixty-nine, ninety-three, and more than one hundred 
hours respectively; for the corresponding MgC^ solutions the times 
were twenty-seven, forty-five, and ninety-three hours. 

The cells swell and gradually detach themselves from the filaments 
in solutions of magnesium, calcium, and barium chlorides; the 
rapidity of the action decreases in the order just given. In pure 
strontium chloride solutions no swelling occurs ; on the contrary, the 
filaments undergo gradual coagulation. Swelling is more gradual 
in the above solutions than jn those of the alkali salts. 

The alkali earth cations exhibit, on the other hand, a decided 
contrast to those of the alkali metals in exercising a strongly marked 
antitoxic action when added in small quantity to pure solutions of 
sodium salts (see below, p. 100). Since they are closely related 
chemically, and their ions agree in having high decomposition ten- 
sions, this general similarity in their physiological action is in ac- 
cordance with expectation. The exceptional behavior of strontium 
chloride in pure solution, however, requires explanation. In its 
antitoxic effectiveness in solutions of sodium salts this salt resembles 
calcium chloride; yet its pure isotonic solution destroys ciliary move- 
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ment in a few minutes, and slowly coagulates the gill filament. The 
other metal of the group, beryllium, shows similar peculiarities in 
having a strongly marked antitoxic action in low concentration, while 
the pure ^ solution of its chloride is rapidly destructive of ciliary 
movement and coagulates the g^ll filaments (see p. loi). 

Action of puis Bolntloiui of heavy mstol salta. — Experiments with 
pure solutions of various heavy metal salts have also been tried. 
With the exception of manganese they all arrest movement rapidly, 
and cause a breakdown of the cilia due probably to coagulation of the 
ciliary substance. All salts of trivalent metals (AlClg, AI3 (SOJj, 
Cr2(S04)j, FeClj) are instantly destructive in isotonic or slightly 
hypotonic solutions, and coagulate the filaments. In solutions of 
many bivalent metal salts some movement may be possible at first; 
this movement is of a peculiar quick vibratory character; in most 
cases it ceases within a few minutes. In solutions of manganese 
chloride, and to a less degree of nickel and cobalt chlorides, it 
may continue for a considerable length of time. 

In pure isotonic solutions of beryllium chloride, of the alkali earth 
group, movement is brought to rest within a few minutes, as with the 
heavy metals. Beryllium, however, as will be seen below, possesses 
strong antitoxic action. In six trials with f MnClg, at different times 
and with different animals, the maximum observed durations of move- 
ment were as follows: sixty-four, forty, and seventy minutes; four 
hours ; three hours and ten minutes ; four hours and forty-nine 
minutes; movement is active and energetic at first, as in solutions 
of magnesium or calcium chloride. " CoClj and NiCI, also permit 
movement to continue for some little time; in one instance a trace 
of movement was observed in a ™ NiClj solution after thirty-two 
minutes; as a rule all movement ceases in these solutions within 
ten minutes. In f CdClj and ^ ZnS04 active vibratory movements 
occur at first, but cease within two to three minutes; BeCl^ acts 
similarly; while no movement could be seen in solutions of Cu, Pb, 
UO,, and Hg salts. 

Manganese thus acts similarly to the alkali earth metals, especially 
magnesium, as seen in its effectiveness as an antitoxic agent with Na 
salts; a further resemblance consists in the fact that in its solutions 
the ciliated cells gradually swell and are detached, while in all other 
solutions of heavy metal salts the filament soon becomes white and 
opaque as a result of coagulation. These peculiarities of manganese 
are probably to be brought into relation with the high decomposition 
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tension of its ion (0.798 volts in N-solution); in this respect it 
greatly exceeds the other heavy metals, and resembles the more 
favorable bivalent metals, Ca, Ba, Mg, the decomposition tension of 
whose ions is, however, considerably greater. 



IV. Antitoxic Action of Salts of Bivalent Metals. 

Salts of the majority of bivalent metals have a more or less pro- 
nounced antitoxic action when added to pure solutions of sodium 
salts. The degree of this action shows wide variation with different 
metals. The most effective are the alkali earth metals, which, as seen 
above, are also the least poisonous in pure solution. Certain of the 
heavy metals, as manganese, ferrous iron, and to a less degree cobalt 
and nickel, also exhibit well-marked action ; zinc, cadmium, and lead 
are less effective; while the more poisonous metals, copper, uranyl, 
and mercury, show no evidence of antitoxic action, at least in the case 
of this particular tissue. 

The following table (V) summarizes the results of two independent 

TABLE V. 

In control (^m NaCl] all trace of movement bad ceased after 18 m. (Seriec A) 

and 10 m. (Series B). 

1. VV" I^X^I + Tvv'^>Clt- Movement isaciive at fint; ceases ^ft)>MJ9^m. in Series A 

and 48 m.. Series B. , • y"^ 

2. -fism NiC] + ^,SiC\t. Activeat first; ceasessoonetthuU^SolutioDl: 18m. (A) 

and 18 a>. (B). ;r/ 

3. A <» NaCl + ,7i BaClj. Active at first ; ceases witljili 19 m. (A) and 60 m. (B). 

A. ffm NaCl + j^^ MgCl^ Active movement, laatii^daOdedl j longer than in above 
solutions: 2h. 49fn. (A), and3h. 21 m. (B). 

5. I'o ■>• NaCl + ^ BeClj. Active and prolonged aj^vement, lasting (A) 4 b. 31 m. 

and (B) 5 h. 1 Tn.,/CnA in a tbird detenninatioD on 
another animal, j n. 30 m. 

6. A " NaCH- 17, ZnSOj. (A) Fairlj active /ovaient -after 18 tn.; has ceased 

after 40 m. -.Ab) U^ly .Jictive after 19 m. ; ceased 
withm 35 in/(A) \Mk.4-; (B) 19 m. +. 

7. ft«.NaCl + ,J,CdClr (A) AHttlema*emei#aitei'31m.; hasceasedwitbinthe 

hour: (B^a littltf ifoyfci '- '" - " "" 

B : 19 m 
a A n NaCl + iSt Cd NO,),. Essentially like SoUiti<fnit 

9. ft M NaCl + ,y, FcCl^ Fairly active after 18 i»./(only one determination, 18 m.) 
la fe « NaCl + ^ NiClj. Active at first : laais (ill' 21 m. ; (B) 53.5 m. 

11. ft m NaCl + I'j-fl CoCl^ Active at first : A, 64 ^nl ; B, 52.5 m. 

12. A « NaCI + IJTI CuCI^ Movement not (fcolongedi ,~i CUSO4, same result. 

13. ftn NaCI+ ,7 PbClj. Fairly active at first t movement slightly prolonged: 

ceases (A) f\ less than 18 m. ; (B) in about 20 m. 

14. ftm NaCl + ig^f UO,(NO,),. Kfovemeni not pro^nged. 



Kr Jl m. ; nas ceased within V 
'ement after 19 va. (A : 31 n: 

cfnfffA, 64 m.; B, 19iii.). 
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series of determinations (A and B) with salts of various bivalent 
metals. The salts were added so as to be present in the solution 
(^ m NaCl) in ~^ concentration. 

Another series of determinations, chiefly with heavy metal salts, 
was made at four different concentrations with the results embodied 
in the following table (VI). The salts were added t.> ^ m NaCl in 
the concentrations indicated. 



Salt- 






1 


added, 


"■ 


S- 


1 


1. MgCl, 


Active movement 
lasting longer than 
16 h. 27 m. (16 h 


16i.g?m.+. 


16 A. 27 m. -F. 


16 i. I? m. -H. 


2. BeCt, 


Movement is alow 


Movement as in 


More favorable 


More favorable 




fromSrWi almost 




than ,",; a littte 


than tm; move- 




ceased after 1 h. 




movement after 3 


ment lasts ca. 7 h. 




31 m. {11,. Sim.) 




h.40m.(5A.4<9m.). 


38 m. (7 h. SB .«.). 


3. MnCI, 


Vigorous move- 


Uke ,",; (3 A. «e 


More favorable 


Less favorable 




ment at first; al- 


w.). 


tban,"i;(5A.^m.) 


than j^^ ; almost 
ceased after 1 h. 




most ceased aft. 2 








h.26m.(?i.eew.) 






30 m. (l A. SO «.). 


4. ZnSO, 




Fairly active after 


LikeK;<Wm. 


i.iker'^;<40m. 




afterl9m,; ceased 


Wm.; ceased after 


{13 m. -)-). 


(/s™.+°. 




after40m. {I9m.) 


40 m. (19 m. +). 






5. CdCI, 


Movement ceases 


A little move- 


■ A little move- 


Ceases within 




within 17 ra.(ir«.) 


ment after 17 m. 
{17 «.). 


ment after 17 m. 
(17 ™.), 


17 m. (</?«,). 


6. NiCl, 


Active at first ; a 


.A little move- 


Liltei5<w™.-|-). 


Fairly active after 




little movement 


ment after 19 m. ; 




19 m. {i9m.4-). 




after 57 m.; in an- 


ceases in < 40 m. 








other experiment 
movement after 
S9m.{S7m.;S9m.) 


(19 m.). 














7. CoCl, 


More favorable 


A little move- 


A little move- 


Less favorable 




than NiCl,; a Utile 


ment after 1 h. 


ment after 1 h. 


than I'iV; ceased 






50 m. {1 A. SO m.). 


29 m, ; ceased by 
1 h. SO m. (1 I 


after 57 m. {39 




6 m.; in anotlier 




m.-f-}. 




triailh.28tn. {Sh. 




tSm.). 






6m.! Ih.Mm.). 








8. CuCl, 


Movement not 


Movement not 


Movement not 


Movement not 




prolonged. 


prolonged. 


prolonged. 


prolonged. 


9. p/'<k:Ij 




Movement lasts 
less than 19 m. 


Less than 19 m. 


A little move- 
ment after 19 m.; 
ceased by 35 m. 
(t9m. + ). 



A separate set of determinations was made witfi ferrous sulphate, 
using a freshly prepared solution to avoid so far as possible the pres- 
ence of Fe'" ions. The results may be summarized as follows : — 
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TABLE VII. 

1. J NaCI + ^ FeSO,. Vigorous movement at first ; almost ceased after 14 m. {14 m.). 

2. J" NaCl + S KeSO^. Active movement ; a little after 14 m. (U in. +). 

3. ;i' NaCl + ns FeSO,. Vigorous movetnent; a little after I h. 20 m. (1 A. SO m.). 

4. T NaC1 + ,^ FeSO,. Vigorous movement; remains fairly active after 1 b. ZI m- 

(I A. Sim.]. 

5. y NaCl + ^„ FeSO,. A Uule movement after I h. 25 m. {J A. tS m.). 

6. J* NaCl + rti FeSOc Fair movement after 1 h. 25 m. (1 A. SS m.). 

In general the results of the above determinations agree somewhat 
closely with those obtained with the larvae of Arenicola ; ' Cu and 
UOj give no evidence of antitoxic action,' while of the others the de- 
gree of antitoxic efficiency seems partly correlated with the decompo- 
sition tension of the cation, those in which this value is relatively high 
being the least poisonous and the most cfBcient as antitoxic agents. 
Thus Mn is the most favorable of the heavy metals;* then comes 
Fe"; then Co and Ni, of which Co is distinctly the more favorable; 
then Zn and Cd, which here again are more poisonous than corre- 
sponds to their position in the scale of decomposition tensions ; Pb 
has relatively slight action. 

Of the alkali earth cations it is to be noted that in low concentra- 
tions (^ and less) Be and Mg have most effect in prolonging move- 
ment in pure NaCl solutions; i. e., their antitoxic efficiency in low 
concentrations is greater than that of Ca, Ba, or Sr in the same con- 
centrations. In higher concentrations the reverse may f)e true ; and, 
as seen above, in pure solutions of y^ ,« m _±_ ^j concentration CaClj 
sustains movement longer than MgCIj. Sr appears similar to Ca in 
its antitoxic action in low concentrations, while Ba is on the whole 
more favorable than either* and approaches Mg, though without being 
so favorable. The following table, XII, summarizes the results of a 
series of experiments in which Ca, Ba, and Sr are used with ^NaCI 
throughout a wide range of concentration. SrClj is here most effec- 
tive in low concentrations (JJ,) ; at higher concentration its specific 
toxicity obscures its antitoxic action. This is not the case with the 
other two salts. 

' K. Lillie: This journal, 1904, vii, p. 419. 

' On the Ctenophore swimming plate UOj, Hg, and Ag have well-marked anti- 
toxic action ; Cu, on the contrary, is ineffective. 

• Mn and Fe" are also decidedly more favorable than the other heavy metals 
in the case of the Ctenophore swimming plate. 

* Compare the conditions in Arenicola, Loc. cil., p. 428. 
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TABLE VIII. 



'^"T.m™" °' i A. C»CI^ 



1. 95v. yNaCI. 
5 V. S' biva- 
lent chloride, 

2. 90 v.? NaCl, 
lOv.J'CaClj, 



40 V. CaClj, 
6. SO ' V. XaCI, 



Active at first ; «!■ 
most ceased after 7 h. 
33 m- (7 A. 5S m.). 

More favorable than 
1 A; fairly active after 
7h.33m.(7*.JSm.). 

, I Considerable activ- 
.lily after 7 h. 33 m. 
I (? h. 33 m. +). 
. I Uke 3 A (7 4. « 

. I Uke 4 A <7 4. SS 

Like 5 A (7 A. 55 

». +). 

Like 6 A (7 -i. SS 
«. +). 

K lilll 
Iter 19 

SO m 
\ UkeRMiaa.SOm-). 



II. PurejCaCi^i A little movement 
etc. after 19 h. Mm.; less 

favoral)le than 10 A 
{19 A. SO m.). 



Active at first; a little 
novement after 19 h. 
»m. {19 A. SO m.]. 
Movement ^lirly ac- 
ive after 7 h. 33 m. ; 
ceased by 19 h. 20 m. 



(7 A. 



..+). 



Like 2 h {7 i. i 



Active afterlh.30inj 
ceased bv 7 h. 30 m. 
(1 A. 30 «,.+). 

Almost ceased by 7 h. 
31 m. (7 :*. 31 m.). 



Like3C (TA.SIm.). 



Like 4 C {7 A.Sim.). 



Like 7 It (SO m.). 



More favorable than 
9C; a little move 
after 42 h. 24 m. ( 
Si m). 

Less favorable than 
10; a little movement 
a[terI9h, 38 m. (iSA. 



There arc difficulties in giving exact comparisons of the antitoxic 
capabilities of the various cations, since at one concentration a certain 
cation may be far more effective than another, while at higher con- 
centrations the relations may be reversed. AlOj. for instance, is ef- 
fective in concentrations at which CaCl, has no perceptible action ; • 
yet when present in favorable proportions Ca is far more effective than 
Al. So also in comparing Mg and Be on the one hand with Ca on the 
other: BeCl^ almost instantly arrests movement when present in the 
concentrations at which Ca acts most favorably and Mg is then less 
favorable than Ca. The relations thus appear complex. We may 
1 See Table XIX, p. 132. 
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perhaps regard capability of antagonizing the pure sodium salt as one 
property, and the specific toxicity of the salt itself as another, to a cer- 
tain degree independent of the first. Hence many salts which in 
moderate concentrations are instantly destructive of ciliary activity 
act favorably at low concentrations. The case of beryllium and of the 
■favorable heavy and trivalent metals exemplifies this (see Table XV). 
Evidently a salt, in order to exhibit well-marked antitoxic action, 
must be capable of so acting at concentrations in which its directly 
toxic action is relatively slight ; otherwise the latter may prevent the 
antitoxic action from becoming evident. 

On the whole it seems best, in comparing the antitoxic powers of 
the bivalent cations, to take as basis of comparison the optimum for 
each cation, /. e., to compare their relative efficiencies in those concen- 
trations at which each acts most favorably. If we regard as criterion 
the greatest antitoxic action of which the cation is capable at any 
concentration, the order of relative effectiveness in the case of Be 
and the above heavy metals runs somewhat as follows: Be, Mn, Fe", 
Co, Ni, Cd, Zn, Pb, Cu, UOa, Hg. A more exact estimate is not 
possible on the basis of the above observations. The order, it will be 
noted, is essentially that of increasing toxicity ', i. e., the more toxic 
a metal is the less likely are its salts to exhibit well-marked antitoxic 
action. The order is also in general that of decreasing decomposi- 
tion tensions. 

Relation of tlia anion of th« aodiam salt to tlia poMdbUltf and extent 
of antitozlo action. — The nature of the cation is thus of prime im- 
portance in the antitoxic action of any salt. When to a solution of a 
given sodium salt is added a quantity of another sodium salt with a 
different anion, in general no antitoxic effect is seen;^ i. e., anions 
do not counteract the toxicity of the pure sodium salt. Anions and 
cations thus exhibit opposite actions in this relation. It is, however, 
important to note that the different sodium salts exhibit very unequal 
capabilities of being thus antagonized ; in the case of solutions of cer- 
tain sodium salts (NaF, NaCNS, NaBrOg. Na^HPO^), the addition 
of a salt with an efficient cation (as Mg), even in the most favorable 

' The addition of small quantities of alkali may, however, favor ciliary move- 
ment for a lime, even though it accelerates the disintegration of the tissue. Salts 
like NajCrOi and KMnO, seem to offer an exception to the above rule, since in low 
concentrations they may exhibit a distinct antitoxic action (see below, Table XVI). 
This is to be regarded as due to the presence in such solutions of Mn- and Cr-ions 
of high valence, and is really a cation effect (see Mathews : This journal, 1904, 
xi, p. 237). 
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concentrations, may have but slight or imperceptible action. Or, 
with other salts (Nal, Na^SO^), ti.e antagonizing cation must be 
present in much higher concentrations than with NaCl in order to 
produce the same antitoxic effect. 

The following determinations were made in order to ascertain the 
relative capabilities of the various sodium salts of being antagonized 
by addition of salts of magnesium, the most efficient cation for this 
purpose. MgCI] (in \ solution) was added to ^ solutions of the 
salts till present to a concentration of ^ (in general an approximately 
optimum concentration for antitoxic action with this salt).' The 
determinations were repeated on another animal in the case of the 
more toxic salts (Series B in Table IX). 

TABLE IX, 

1. f NaF + J^ MgCli (slight predpiiate of MgF,). Movement ceases soon. No move- 

ment after 10 m. R«>ull negative. 

2. ^ NaCl + ^ MgCI,. Vigorous and prolonged movement ; Mill active after 3$ h. ; 

ceased by 48 h. (W h. +). 

3. T NaBr + j^ MgCl,. Vigorous movement, considerable activity remains after 4S h. 

(iSh.). 

4. ] Nal -I- ]5 MgClj. Vigorous movement at firsts cells swell and detach somewhat 

rapidly. Movement is active after 3 h. 57 m.; has ceased by 6 h- 
(* h. +). 

5. J MaNOg + j^s MgCl,. Vigcrous movement as in NaCl ; almost ceased after 17 h. 

53 m. {IS h-V 

6. 1* NaClO, + j^ MgCl,. Vigorous movement ; a little movement after 4S h. 3 m. 

08 *.). 

7. y NaBtO, + is MgClr (A) active movement at first ; ceases relatively soon ; almost 

ceased after 2 h. 1 m. (19) active at first ; almost ceased by 50 m. (A : 
Sh.; B: SO m.). 
S. f NaCOQCH, + ^ MgClj. Active after 8 h. 27 m.; has ceased by 22 h. (* A. 

i7m. + ). 
9. NaCNS + ,", MgCl,. (A) movement has almost ceased after 40 m. (in control — 
pure "i NaCNS — has entirely ceased in less than 10 m.). (B) move- 
ment is less vigorous than in solution 7 B ; a little remains after 1 h. 9 m. 
(A: 40m.i B; I A. 9m.). 

10. f Na^SO, + ]s MgClf. Movement is still active after 6 h. 42 m. ; has ceased after 
21 h.(C A. *?"- + ). 

U, 7NasCiH,0, + i°l;MgCl,. Vigorous movement at first; is still active after 3 h. 
48 m. ; has ceased after S h. (3 h. 48 m. +). 

12. ? NagCgH^O, + i"^ MgCl,. Movemcni lasts a short time only; is nell marked after 

10 m.; has ceased after 40 m. [10 •». + ). 

13. S*NagHP04-(-MgCU (precipitate of phosphate). (A) a Uttle movement after .iOm.; 

has ceased by I h. 45 m. (in control — pure ^ NajHPO, — has entirely 
ceased after 6 m.). (B) fairly active at first; has almost ceased after 
i h. 9 m. (A : 50 m. + : B : J A. fl m). 

• Q*. Table XI on p. 109, with NaCl, NaBr, and NaI,+ MgClj in graded proportions. 
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TABLE n {centimud). 

14. ■; Na,Fe(CN)« + ,", MgCl^ (A) moTcment remaini ^Tly active after 1 h. 40 m.; 

hai ceased afiet 2 h. IS m. (entirely ceased in control in less than 10 m-)- 
(B) active at first; ha* almost ceased after 1 h. 9 m. (A : f 4. ^«.; 
B: lA.9m.). 

15. ? Na,Fe(CN)j -)- ,"5 MgCl,. Ceases at once. 

16. ^ NatKAsO, + MgCI] (arsenate precipitate). (A) considerable movetnent remains 

after 40 m.; ceased after 1 b. (in control — pure !f NajHAsOi — ceases 
within Sm.), (B) movement is fairly active after 15 m. ; has ceased after 
25 m. (A: ^m.; B: ISm.-tOm.). 

17. i" NaNOj + i\ MgCI,. (A) active at first ; has almost ceased after 1 h. 53 m. (has 

entirely ceased in control after 20 m.). (b) movement is somewhat slow ; 
has almost ceased af let 1 li. 10m. [A: 1 A.SSm.; B: 1 h. 10m.). 

18. J NajSjO, + Ji MgCl,, Vigorous movement ; U active after 3 h. 38 m. ; has ceased 

by 8 h. {S A. SS «.+). 

19. I NatSO, + fs MgCl,. (A) active movement at first ; has almost ceased after 3D m. 

(control has ceased within 5 m.). (B) considerable movement after 
25 m. 1 has ceased after ¥)m. lA: 30 m.; 11: S5 ra. +). 

Two Other series of determinations on different animals, using the 
following salts with ~ MgClj, gave the results summarized in the 
following table (X): 

TABLE X. 

1. j' XaF 4- j'; MgClj. Movement is not perceptibly prolonged. 

2. 7 NaCl + Si MgCI^ Active long-continued movement (Ai 17 k. S2 m.; B: 15 k. 

iS ™.), 

3. a N»Br 4 li MgCij. Active long^continued movement {\: 4 h. SO m. ->r\'B: IS k. 

4Sm.). 

4. ^ Nal4- -i MgCl,. Movement is active at first; ceases relalivelysoon (A : Ih.lSm.; 

B : active aflei 3S m ; has ceased at next examination after 2 h. 38 m. 
55 m. 4-). , 

5. i" NaNO, 4- ;^ MgCI^ Active movement in both series after 4 h ; has ceased after 

17 h. and 15h. respectively (A: ik.2Qm. + ; M: ih.6m.^-]. 

6. 5 NaClOj 4- r!o MgClj. Active movement at first as in NaCl. (A) has almost ceased 

after 5 h. 20 m.: (B) a little movement remains after 15 h. 43 m. (A; 5 .i. 
iOm.\ (B: 15k. iSv,.). 

7. ;;' NallrOj + j'J MgCl.j. (A) movement ceases relatively soon « 15 m.) (B) move- 

ment feeble and ceases soon ; a little movement after 16 m. ; ceased after 
35 m. (A: </.5m. ;B: le m.). 

8. 'i' N'aCO()CHj4-fBMgCla. (A) Active movement; still remains quite active after 

4 h. 20 m. (B) similar; movement lasts longer than in A (A : .# A. 
:!0m. + \ B: lSh.4Sm.). 

9. '^ NaCNS. 4- -^ MgCl,. Movement is slow; (A) a little movement remains after 1 h. 

15 m. ; has ceased by 2 h. 15 m. (B) ceases in < 35 m. (A ; i A. IS m. ; 
%'. IBm 4-.). 

10. J" Na^SOj + ^^ MgClj. Active movement at first. (A) has largely ceased after 2 b. 

16 m., and completely after 3 h. 20 m. (B) some slov 
mains after 2 h. 35 m. (A : 2 ^. W m. ; B : ? k. SS m.). 
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table' X (roniinutd). 

11. t Na,C|H,Og + jg MgClj. Active movement >t lint; has almost ceased after 

(A( S A. 16 m. and (B) th.SSm. 

12. J NagCsHgO, 4- yg MgCI,. (A) active movement after 17 m. ; has largely ceased 

after 35 m. ; no movement remains after 1 h. 35 m. (B) has almost ceased 
after 16m. [\: SS m.; 3: 16m.]. 

13. J NajHPO, + ^„ MgCI,. Movement ceases in both seriea in le»a than 15 m. (A : 

I5<m.; B: <15»i.). 
M. f Na^Pe (CN)« + ^ MgCl,. Movement ceases in both series in less than 15 m. 
(A: <JfiM.; B: <lSin. 

It will be seen that in all the solutions of the last two tables a cer- 
tain degree of antitoxic action is evident, with the exception of the 
fluoride and the (erricyanide. The effect is relatively slight with 
solutions of the citrate, phosphate, arsenate, ferrocyanide, sulpho- 
cyanate, nitrite, bromate, and sulphite; somewhat more marked with 
the iodide, and well marked with the chloride, bromide, nitrate, chlo- 
rate, acetate, sulphate, and tartrate. Using as criterion the degree 
to which MgCIj in the above concentrations can counteract the inju- 
rious action of the pure salt solution, we may range the salts in their 
order of toxicity somewhat as follows: The chloride, bromide, chlo- 
rate, nitrate, and acetate among the salts with monovalent anions 
may be antagonized with almost equal readiness, although nitrate and 
acetate appear in the above experiments somewhat less favorable than 
the other three. The iodide is distinctly less favorable than the salt^ 
just named ; the bromate, nitrite, and sulphocyanate can be antago- 
nized only slightly, and the fluoride not at all. Of salts with bivalent 
anions, — sulphate, thiosulphate, and tartrate are in general similar to 
one another, and comparable to nitrate in their action ; sulphite is 
distinctly more toxic, and is not readily antagonized. Of the salts with 
trivalent and tetravalent anions, all show a relative insusceptibility to 
the antitoxic influence of the MgClj in these concentrations; this 
may be due in the case of the above experiments to the presence of 
an insufficiency of the antitoxic salt. It is nevertheless somewhat 
surprising that in solutions of salts like arsenate and ferrocyanide the 
presence of magnesium chloride markedly diminishes the toxicityi 
especially in the latter instance. Phosphate is less toxic than arse- 
nate, according to the above determinations. In comparing these 
results with those observed in pure solutions of potassium salts, it will 
be seen that the order of toxicity of the anions is practically the same 
in both series. For the series of monovalent salts, the order of in- 
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creasing toxicity corresponds closely with that of increasing activity 
in producing swelling of the ciliated cells. This, however, is not true 
of salts with plurivalent anions, many of which (arsenate, phosphate, 
ferrocyanide, citrate) are strongly toxic — i. e., arrest movement rap- 
idly in pure solution, and are not readily antagonized — without pro- 
ducing noteworthy swelling. The behavior of the monovalent salts 
indicates, however, that at least part of their toxicity is due to their 
producing a swelling of the cell ; prevention of this action by action 
of various cations has the effect of counteracting the toxicity to a 
greater or less degree (see below. Section VII). The unequal toxicity 
of the various anions is thus to be ascribed largely to the inequality 
of their action in producing physical alterations in the contractile 
substance. 

VailationB In optimum pioporCion of antitozJa salt -with, variation In 
anion of toxlo salt. -^Indications are seen in the above tables that the 
optimum proportion of MgClj varies with the anion of the toxic salt. 
One might expect that the salts with the more energetically acting 
anions would require higher proportions of MgClj for counteraction 
of their toxic action. With a view to determining if this is so, the 
following series of determinations were made with the four sodium 
salts, chloride, bromide, iodide (with monovalent anions of increiis- 
ingly powerful action as shown by the typical swelling action), and 
sulphate (with typical bivalent anion). (Table XI.) 

All the gill filaments used in this series were taken from the same 
animal. In every solution, with the exception of the pure sodium 
salts, movement was active, and continued for several hours. 

The difference between iodide and sulphate on the one hand, and 
chloride and bromide on the other, proved well marked, the former two 
being distinctly less favorable. In the iodide swelling and detachment 
of cells take place with much greater rapidity than in the other solu- 
tions, and the comparatively great toxicity of this salt is, in all prob- 
ability, largely due to this action. 

The differences between the anions CI, Br. and I are in general as 
follows: In their power of producing swelling there is a progressive 
increase with increase of atomic weight, or decrease of decomposi- 
tion tension. The most favorable concentration of MgClj for anti- 
toxic action was lower with NaCI than with NaBr, and with 
NaBr than with Nal. With NajSO, the optimum proportion of 
MgCI, was apparently almost the same as with Nal. In both 
NajSO^ and Nal duration of movement proved much shorter than 
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with NaCl or NaBr ; this agrees with the results of the previous 
determinations (cf, also the series with K-salts). In general the fol- 





A. NaCl. 


B. NaBr. 


C. Nal. 


D. NajSO,. 


1. "Pure "salt 


No movement 


Many cells 


Swelling and 


Spelling and 




andalitlleswell. 


rounded and de- 


detachment af- 


detachment af- 




ing after 2 h. 


tached after Zh. 


ter Z h.> NaBr. 


ter 2 h. ctt. as in 
NaBr. 


2. 95 V. salt 




Fairly active 


Considerable 


Fair movement 


5v,i['MgC1j 


most ceased af- 


movement ift« 


movement after 


after 7 h. 53 m. 




ter 30 h. 52 m. 


44 h. {U k.). 


7 h. 51 m. IT i. 


{7 A. 63 m.). 




{SOh.SSm.). 




51 m.). 




3. 90 V, sail 


Like 2 A (JO J. 


lJke2B W«. 


Like 2 C (7 :*. 


Like 2D (7 4. 


10 V. y MgClj 


S$ m.). 


iS m.). 


61 m.). 


5Sm.). 


4.80 V. salt 


Like3A(;f04. 


A little move- 


Considerable 


Uke 3 D (7 -i. 


Mv.JMgCIs 


52 «.). 


ment after 44 h. 
Km. (« h. S8 


7 h.51 m. (7 h. 
61 m.). 


53 m.). 


5. 70 V. salt 


Ceased after 


Like 4 B (« ^. 


Active move- 


Active after 7 


SOv-S-MgCI, 


30 h. Fairly ac. 
tive after 19 h. 


tSm.). 


ment after 7 h. 


h. S3 m. (7 A. 






S2 m. (7 A. 5g 


SSm.+). 




45 m. [19 A. 45 




m.4-). 






m.+). 








6. eOv.iatt 


UktSK{19h. 


Trace move- 


Active after 7 


Like SV> {7 A. 


Wv-J-MgCl, 


iSm.+). 


ment after 44 h. 
2im.[UA.g8»,.\ 


h. 53 m. (7 h. 

SS m.+). 


SSm.+). 


7. SOv.ialt 


Fair movement 


Less favorable 


Like 6C (7 i. 


Vigorous move- 


SOv-y-MgCI, 


after 19 h.4Sm; 


than 6 B. ; little 


6Sm.+). 


ment after 7 h. 




less favorable 


movement after 




S2 m. (7 A. St 




than 6 A {19 h. 


30 h. 57m, (30^. 




«.+). ■ 




45 m.). 


67 m. +). 






a « V. salt 


Almost ceaMd 


Trace move- 


Active after 


Somewhat less 


eov.yMgci, 


by 19 h. 45 m. ; 


ment after 30 h. 


7 h. S3 m. (7 A. 


active than 7 D 




less favorable 


SlTa.(S0h.57m.). 


SSm.). 


after 7 h. 52 m. 




than 7 A {19 h. 

45 «.). 
Ceased by 19 h. 






(7A.6Sm.-\-). 


9. .Wv.salt 


Leas favorable 


Somewhat less 




70v.?MgCl, 


45 m.: fairly ac- 
tive after 7 h.SS 


than 3 B; fair 


active than 8 C 


after 7 h. 52 m. 




movement after 


after 7 h. 53 m. 


{7A.SSm.). 




m.(74.55w.+). 


20h. 37m.(«0*. 
S7m.). 
A little move- 


{7 A. 53 m.). 




10. 20 V. salt 


Uke9A {7 h. 


Fair movement 


Fair movement 


SOv.rMgCI, 


SSn,.). 


ment after 20 h. 


after 7 h. S3 m. 


after 7 h. 52 m. 






yiia.{S0A.S7m.). 


<7 A. S3 «.). 


{7A.6gm.). 


11. lOv.salt 


UkelOA(r*. 


Ceased by 20 h. 




Fair movement 


90v.7Mga, 


66 m.). 


37m.i fairly ac- 
tive after 7 h. 


after 7 h. S3 la. 


after 7 h. 52 m. 






(7 A. 63 m.). 


{7A.Sgm.). 






53 m. (7 k. 63 










m.+]. 






lipurei-MgCl, 


Active after 5 
h.40m.i ceased 
bv 7 h. 55 m. 

0h.4Om.). 









lowing is indicated as a result of this and the foregoing experiments ; 
(i) that the more powerfully acting anions require higher proportions 
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of the antitoxic cation for Favorable action ; and (2) tliat the more 
toxic anions can be counteracted to a less degree than the less toxic. 
In experiments on the antitoxic action of the hydrogen ion similar re- 
lations appear (see below. Table XIII, p. 114). 

Antlto^dc aoUon In relatton to s«lts of othsr alkali metals. — Sodium 
salts are peculiar in that their toxicity, strongly marked in pure solu- 
tion, is so readily diminished or counteracted by the presence of rela- 
tively small quantities of plurivalent metallic salts, especially those 
of the alkali earths. This peculiarity is shared to a certain degree by 
lithium salts, as the table given below will illustrate. Potassium and 
ammonium salts (and presumably those of rubidium and caesium, 
which resemble potassium), on the other hand, seem practically devoid 
of it, so far as my observation has extended.^ 

These facts constitute another exemplification of the importance of 
sodium salts in contractile processes, and of their partial replaceability 
by lithium salts, though not by salts of the other alkali metals. The 
rule that this form of antitoxic action is confined to salts of these 
metals does not necessarily apply to other than contractile processes ; 
thus the toxicity of potassium salts for early stages of developing eggs 
can be partly counteracted by addition of salts of bivalent metals.' 

TABLE xir. 
1. f l.iCI pure. Movement ceases almost instantly. 

1. 90 volume* g LiCI4- 10 volumes g MgCI,. Movement is feeble, but lasts some time; 
has airoost ceat^ed after 1 h. 53 m. {S h.). 

3. my.'i LiCI + 20 V. 7 MgCI^ Somewhat more favorable than Solution 2; a little 

movement after 1 h. 58 m. i.2 h.]. 

4. 70 V. y UCl + 30 V. y MgClj. Movement is sluggish, bat lasts longer than in Solu- 

tion 3 ; a little remains after 4 h. 20 m. (* h. SO m.). 

5. 60 V. 7 LICl 4- 40 V. J' MgCl^ Like Solution i (i A. SO m.). 

6. 50 v. i UCl -f 50 V. If MgCl,. Sluggish movement, lasting longer than in Solution 5 

UA.iOm.+). 

7. 40 V. If LiCt + 60 V. ^ MgCl,. Somewhat more favorable than Solution 6 (4 It- 

SOm.+). 

8. 30 V. J UCl + 70 V. y MgCli. Movement is more active than in Solution 7 ; lasts 

longer than 5 h. [5 A. +). 

9. 20 v. 7 UCl 4- 80 V. J- MgCI,. Like Solution 8 (5 A- +). 

10. 10 V. f LiCI 4- 90 V. y MgCIa- Movement is fairly active « 5 &.). 

11. Pure t MgClj. Movement is much more m/n/ than in solutions containing U, — Is 

quick and vibrating (5 h. 4-)- 

' These statemeaLs also hold true of the Ctenophore swimming plate, in whick 
the toxicity of sodium, and, to a leas degree, of lithium salts, can be counter- 
acted, t. g; by MgClaJ while potassium and ammonium salts show no such sus- 
ceptibility. 

* Cf. LoEB : This journal, 1900, iii, p. 383. 
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For cilia, however, and for the Ctenophore swimming plates 
which are modified cilia, I have found this relation to hold constant. 

Table XII summarizes the results of a series of experiments with 
mixtures of LiCI and MgCl,. 

Ciliary movement is sluggish and wavy in solutions containing 
lithium salts, the Li-ion being evidently less favorable to contractility 
than the Na-ion. Antitoxic action is typical, however, the addition 
of relatively small quantities of MgCI^ prolonging movement greatly ; 
the conditions become increasingly favorable with decrease in the 
concentration of LiCl and increase of MgClj. 

In similar mixtures of NH^Cl + MgClj, and KCl + MgClj no such 
distinct antitoxic action is seen. With NH^CI, the later members of 
the series (those in which MgClj preponderates) are more favorable 
than the earlier, — MgCl, being specifically more favorable than 
NH^Cl; but there is no typical antagonization of the alkali salt by a 
relatively small proportion of the bivalent salt. The case is similar 
with KCl + MgClj: duration of movement is not prolonged over that 
in pure KCl solutions, whatever the proportions of the salts in the 
mixture. 

A further series of experiments was performed using solutions of 
several of the more toxic potassium salts with a view to determining 
if the well-marked toxicity shown by these (in contrast to KCl, KBr, 
etc.) could be diminished by the presence of magnesium. The 
following salts were used in ^ concentration; KF, KCNS, KI, 
KjCjO^, KjHAsO^, each salt being used first in pure solution and 
then after the addition of MgCU to ^ concentration (9 volumes 
K, salt A- I volume y MgCij). It was found that although the addi- 
tion of the MgClj seemed to effect a slight improvement in the con- 
ditions, no decisive antitoxic Action appeared in any instance. This 
result is in striking contrast with that obtained with the correspond- 
ing sodium salts. The difference must be attributed to some specific 
peculiarity of the Na-ion. 

V. Antitoxic Action of Monovalent Cations, and especially 
OF THE Hydrogen Ion, on Solutions of Sodhjm Salts. 

The addition of another alkali metal salt, such as ammonium or 
potassium chloride, to a pure sodium chloride solution has no dis- 
tinctly favorable action until the former salt attains such high concen- 
tration in the mixture that its specific favorability overbalances the 
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injurious action of the sodium salt. This result is typical; the alkali 
metal cations are without distinct antitoxic action in the above defined 
sense. This lack of such action is probably due not so much to the 
monovalence of these ions as to their high decomposition tension, 
which, as Mathews' results indicate, seems correlated with relative 
physiological inactivity. Other monovalent cations, as Ag and the 
H-ion possess powerful physiological action, and their behavior in 
the present relation is accordingly different froW that of the alkali 
metals. Silver salts, however, although their presence in low con- 
centration prevents swelling and gives certain other indications of 
antitoxic action, dq not prolong ciliary movement in Mytilus ; Ag 
acts similarly to Hg; the specific toxicity of both metals is such that 
the concentrations necessary for antitoxic action are rapidly fatal to 
the tissue. Thus, in a series of solutions of Na^SO^, to which AgNOj 
had been added in concentrations ranging from ^ to jo^j^, there 
was no effect in prolonging movement in any solution ; the filaments 
were coagulated in concentrations of , ^^ „ ■ and above; below this 
concentration there was well-marked effect in preventing swelling, 
but ciliary activity ceased in all solutions within ten minutes. Silver 
salts thus proved ineffective in my experiments on the Mytilus gill. 
Silver, however, as well as mercury, has in low concentrations a well- 
marked antitoxic action on the Ctenophore swimming plate; with 
this tissue the most favorable concentrations were very low, ranging 
from j^-uo to 3- o"oo o- Whether or not it is capable of so acting ap- 
pears thus to depend on the nature of the tissue. 

The hydrogen-ion (or dilute acid) has, on the other hand, a very 
distinct though not strongly pronounced antitoxic action on the cilia 
of the Mytilus gill. This has been determined for a number of 'Sodium 
salts; the action is always found in low concentrations, ranging from 
c<* j^ t** as^nn - Since the action of dilute acid presents certain 
definite characteristics that appear to throw light on the general na- 
ture of the antitoxic action of salts, the results of these experiments 
will be presented in some detail. 

Table XIII tabulates the results of several series of experi- 
ments with various monovalent sodium salts (and NagSO^) in ^ m 
and ^ concentrations. Standardized HCl solution was added to the 
salt solutions in the proportions represented.^ The character of the 

' /. «., the acid is diluted by addition of the solution to the degree represented. 
The figures thus simply designate the solution, without consideriDg any inter- 
action between the salt and the acid. Of course this last action must be taken 
into account in interpreting the observed phen 
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movement, its duration in the solution, and the swelling or anti- 
awelling (coagulativc) action of the latter are the chief data recorded. 
In the series with each salt there is seen, first, a certain range of 
HCl concentration in which the movement ceases sooner than in the 
pure solution and the filament undergoes coagulation; then a range 
in which movement is decidedly prolonged and in which some swell- 
ing, though less than in the pure solution, may occur ; and finally a 
range of concentration in which there is seen little or no difference 
from the pure solution. The optimum concentration of HCl thus va- 
ries in highly characteristic manner for each salt. A relation is seen 
between the anti-swelling action of the H-ion (or of the acid, disre- 
garding the terms of the ionic theory) and its action in prolonging 
movement. This relation gives a certain indication of the nature of 
the antitoxic action ; it seems due, in part at least, to the prevention 
of the swelling or disintegrative action of the pure salt solution. 

In Table XIII each vertical column gives the results of a series 
of determinations with the salt designated. The horizontal columns 
give the data for different salt solutions to which the same quantity 
of acid has been added. 

According to the determinations in Table XIII the optimum propor- 
tion of HCl for NaCl is lower than for NaBr, lying in the former case 
below j^^You ^"^ '" ^^^ latter between y^^ and g^. In order to de- 
termine more precisely the most favorable proportion for each of these 
salts, I made two series of determinations in which the proportion of 
acid was gradually decreased in the successive members of the series. 
HCl was added to the -^^ m NaCI and proportions ranging from 
n;^ 'o '^''' ■MToiTo (** follows : .0001 m, .oooog «, .00008 m, .00007 »'• 
.00006 w, .00005 "*• -00004 '"• .00003 »')' ^iid to A "* NaBr in eight 
similarly graded proportions between ~^ and trti. ■^^~ (.0004 w, 
.00036 m, .00032 m, .00028 m, .00024 w*. .0002 m, .00016 «, 
.00012 »«), With ,'„- m NaCl .00009 '« HCl just sufficed to prevent 
swelling, and the most favorable concentrations were .00006 wand 
.00005 "*' which check swelling considerably without wholly prevent- 
ing it; in these solutions movement was vigorous at first and lasted 
for about fifty minutes. With f^ m NaBr there was a little swelling 
even in .0004 tn HCl (vf^ as seen in the table prevents it altogether) ; 
conditions seemed most favorable in .00028 w concentration where 
some activity remained after one and a half hours ; in the succeeding 
solutions movement lasted for an hour or more. Here also the most 
favorable proportion was that in which swelling was materially checked 
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TABLE Xril. 
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TABLE XIII {ctoitinutd). 
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without being quite prevented. Complete prevention of swelling usu- 
ally implies coagulation, which is destructive of activity. In both 
series (as in that of each fait of. the above table) there is a gradation 
in the rate and degree of swelling, both increasing as the concentra- 
tion of acid decreases; the most evident action of the acid is thus to 
prevent or retard this change. 

A number of experiments were made with other salts. In the case 
of J NajSjOj fairly active movement remained after sixteen minutes, 
after addition of f^ HCI ; and a little activity remained in j~ 
HCI. With lower and higher concentrations of acid movement 
ceased within a much shorter space of time. In a similar series with 
^ NajSOg a distinctly favorable effect was seen with -^^ HCI 
in which considerable' movement remained after fifteen minutes ; in 
other concentrations {jf^ and 3-^) a slight antitoxic action was 
also seen. 

In the case of sodium tartrate no distinct action was seen with 
HCI in the above concentrations. The reason for this is evidently 
the slight dissociability of tartaric acid, hence the addition of a rel- 
atively large quantity of HCI should theoretically be necessary to 
increase the concentration of H-ions sufficiently for antitoxic action. 
In another series with the same salt, in which HCI was added in pro- 
portions ranging from ^ to —^ evidence of antitoxic action was seen 
at ^ and ~g^, though the effect was not marked. With % sodium 
citrate similar conditions were found. In the pure solution movement 
had ceased within six minutes; upon addition of HCI to ^ and ^ 
movement was active after this interval and remained for seventeen 
minutes in the first and for mon than twelve minutes in the second 
instance. The antitoxic action of acid thus proved slight with both 
these salts. 

Addition of HCI in larger quantities than those indicated in the 
table was also tried with the salts NaBrOg and NaCOOCHg which 
in the above tabulated experiments showed most favorable action 
with the higher concentrations of acid. In a second series with % 
NaBrOj similar to the above, with HCI in concentrations from ^ to 
TilVo' * distinct action was found with j^ HCI, in which a little 
movement remained after thirteen minutes. On addition of more 
HCI (a third series ranging from ^ to ^ HCI) the most favorable 
action was found at ^ HCI, in which solution vigorous and energetic 
movement lasted for several minutes; at ^^ the filaments were 
coagulated ; at ^ the movement, active after two minutes, had 
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ceased by nine minutes; there was no coagulation in this last 
solution and the swelling, although greatly checked, was considerable 
after four hours. Here again the best concentration was that just 
sufficient to check swelling without preventing it altogether. 

With f NaCOOCHg in a second series with HCI ranging from 
g~f to ni^uo the most favorable action was again found at ^ (a 
little niovemenl after sixty-nine minutes) ; ~; HCI was somewhat 
less favorable (a little movement after fifty-two minutes) and the 
others still less so, as in the above series. In another scries of three 
solutions with more HCI movement was not prolonged at —^ HCI, 
was prolonged slightly, if at all, at ■~^, but very considerably at ^^, 
where it continued for about an hour (sixteen minutes was maximum 
duration in pure ?' NaCOOCHg). With fl and f-^ HCI the filaments 
are gradually coagulated. The most favorable concentration of HCI 
in the case of this salt appears thus to range from ^^-^ to -^. This is 
again a concentration somewhat less than that required to prevent 
swelling or produce coagulation. 

Addition of HCI (from ~ to f^) to a solutions of NajFe 
(CN)g, NajHPO,, and NaaHAsO, failed to produce any evident 
antitoxic effect. The filaments remained uncoagulated in all these 
solutions, an effect to be expected when the strongly marked action of 
the anions and the weak nature of their acids are considered. 

The general results of the foregoing experiments on antitoxic 
action of acid may be conveniently summarized in the following table, 
in which opposite the formula of each salt is given the approximate 
quantity of HCI whose addition to the ?' solution produces the most 
favorable antitoxic action. 

TABLE XIV. 

NaCI Best effect at ,^'js to jVsoct' 

N«Br Best effect at ji~,„ to xth^- 

Nal Hest effect at jii), 10 jj^,. 

NaNOs Best effect at j^'i, to, i^o. 

NaClOa Best effect at ,,"50 to jfj,. 

NaBrUa Slight action at ,'dii 'o i^g- 

NaCOOCH, . . . Most favorable »t, 05 to ,yj. 

NaCNS Slight actiOTi aim. „j'',n. 

Na,SOt Most favorable at j^^ to jJ^qif' 

NSI9S1O3 Most favorable at il^d to ,,'0;,. 

NaiSOi Sume favorable action at ,'gg. 

Na5C4H,0, . . . Hlight action at ^-J to tS'j. 

NajC.HjOj . . . Slight action at J", to ^V 

Na,HPO, .... No effect seen. 

NajHAaO, . . , No effect seen. 

Na,Ke(CN)j . . . No effect seen. 
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The addiEion of a trace of acid is thus seen to retard, in some in- 
stances very considerably, (he injurious action of pure solutions of most 
of the above sodium salts. The more toxic of these are only slightly 
susceptible to this action — as NaBrOg, NaCNS — or apparently 
altogether insusceptible — as Na,HP04. Na^HAsO^ or Na^Fc (CN)i,. 
It is important to note the wide variation in the quantity of acid 
necessary for distinct antitoxic action with the dlfifcrent salts; 
with salts of strong acids (NaCl, NaBr, Nal, NaNOj) the optimum 
action is obtained on addition of comparatively little of the antag- 
onizing acid (ranging from ^^ to .j /"„„ ). On the other hand, with 
salts of weak acids (acetate, tartrate, bromate, citrate, sulphite) the 
requisite concentration of H-ions — the effective agency in the action 
— can only be secured by the addition of larger quantities of HCI ; 
tho reason of this is the production of the corresponding acid, which> 
being slightly dissociable, especially in the presence of a high concen- 
tration of its anions from the salt, must be present in relatively large 
quantity to give the required concentration of H-ions, In the case 
of salts of strong, acids it is the physico-chemical characteristics of 
the anion that determine the quantity of H-ions necessary to offset 
the poisonous action. Thus salts of monobasic acids of practically 
equal strength (NaCI, NaBr, Nal, NaNOg, NaCNS) show varia- 
tions in the quantity of acid needed for optimum action, this being 
least in NaCl (g-^ to .^ ™„ ^ HCL) and greatest in NaCNS, where no 
antitoxic action is seen at concentrations below ^^^^ HCI: the action 
is slight with this salt at the best. The explanation of this fact is evi- 
dently that the physiologically more active anions require the addition 
of larger quantities of the oppositely acting H-ions for counteraction 
of their toxicity. NaBr and NaNOg, and especially Nal and NaCNS 
have much more rapid action than NaCl Jn inducing swelling and 
disintegration of the ciliated cells. This is probably due to their 
anions having lower decomposition tensions than CI. It seems prob- 
able that increase in valence of the anion may in itself increase its 
physiological activity; thus in both NajSO, and Na^SaOj, salts of 
strong acids, the optimum proportion of HCI is relatively high. In 
any case the antitoxic cation (in this case the H-ion) appears to act 
by exercising an action of opposite character to that of the anion; 
hence the greater the physiological activity of the anion of the toxic 
salt, the more acid must be required for the most effective antitoxic 
action. 
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VI. Antitoxic Action of Plubivalent Cations. 
In the antitoxic action of trivalent and tetravalent cations (Al, Cr, 
Fe'", Th, So'^) on solutions of sodium salts similar phenomena are 
observed. Salts of such metals induce coagulation when present in 
more than very dilute concentrations. A concentration insufficient 
to cause coagulation, but sufficient markedly to retard swelling, is 
here also most favorable for antitoxic action. Other factors appear 
also to enter, as in the case of the alkali earth cations, since the 
favorable action is greater than can be secured by mere addition of 
acid. 

TABLE XV. 
Salts added to f NaCi. [n the Proportions 
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Of the above three trivalent cations Fe'" exceeds Cr in coagulative 
activity and Cr exceeds Al ; the most favorable concentration for anti- 
toxic action is thus higher with Al than with Cr, and with Cr than with 
Fe'". The high antitoxic effectiveness in such iow concentrations is 
partly a function of the trivalence; yet the difference between the 
individual cations proves that another factor, or set of factors, is im- 
portant. Of these the chief is in all likelihood the decomposition 
tension, which, according to Ostwald and Wilsmore, is comparatively 
high for Al. I have at present no exact data for Cr and Fe; the 
physiological indication is that Cr has a lower decomposition voltage 
than Al, and Fe'" than Cr. The value for Fe'", according to Le Blanc, 
lies about 0.28 volt lower than Fe", which is +0.063, '■ *■■' t^"- ~0-2i7, 
a value like that of the H-ion.^ 

In a similar series with 5' Na2S04 less favorable action was ob- 
tained, and the optimum concentrations of the antagonizing cation 
were in all cases higher than with §* NaCl. These were with Al: 
y^ (movement lasted 51m.); Cr: ^"- to -p^ (movement lasted 
5h. 20 m, and 5 1 m. + respectively) ; Fe"' : i-^7,-g (movement for 50 m.). 
The prevention of swelling also required a higher concentration of 
the antagonizing cation than in the case of NaCl. These differences 
are apparently correlated with the more energetic activity of the 
bivalent SOj-ion, which requires for counteraction higher concentra- 
tions of the opposed cation. This is another instance of a rule which 
has already been exemplified in the experiments on the antitoxic 
action of acid. 

With salts of the tetravalent metals thorium and tin (in stannic com- 
pounds) similar results were gained, though a less favorable antitoxic 
action was found. Th(NOg)^ and SnCl^ were added to solutions of 
NaCl and Na^SOf in the same graded proportions as in the above tabu- 
lated series. Th(N03)4 exhibited a favorable action in A m solutions 
of NaCl al concentrations of x^^ ^° ia"'«ou -'" *" o^ which propor- 
tions movement lasted for rather more than an hour. With SnCl^ 
a similar action was found in concentrations of ^7 ",, „ to y~^, move- 
ment lasting from thirty to forty-five minutes in these solutions. 
With NajSO^ as the toxic salt, it was not possible to prolong move- 
ment to the same degree, and the results were less decisive. With 
I* NajSO^ and SnClj in concentrations of ^^^ and , aVo -o . move- 
ment lasted for thirty-four and fifty-three minutes respectively, — an 
undoubted antitoxic action. It is again to be noted that the optimum 
' Cf. Le Blanc: Elektrochemie. 3t Aufl., 1903, p. 225. 
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concentration is greater than with NaCl- We also see here again the 
characteristic effectiveness of plurivalent cations in extremely low 
dilutions. Th and Sn"' resemble Fe'" rather than Cr or Al, their 
most favorable action being manifested in lower dilution than with 
the last two cations. It should be added that their action in pre- 
venting swelling shows the same peculiarities as that of the trivalent 
cations. 

Antltoido actlan of cbromatea and permangaoates. — - The coagulative 
action of chromates, permanganates, tungstates, and other similarly 
constituted salts, especially in acid solution, is evidently dependent 
on the anion part of the molecule. There is little doubt, however, 
that these salts in solution undergo a somewhat complex dissociation, 
and give rise to the plurivalent cations Mn, Cr, Wr; there is good 
reason to ascribe the typical coagulative and oxidative action to the 
presence of these ions.^ According to the conception of antitoxic 

TA}ii.E xvr. 

Solution: puhk ^^ m NaCl. 



Concentration 
of added 
salt. 
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action advocated above, such salts, when added to solutions o( Na- 
salts, should exhibit antitoxic action in extremely low dilution. I 
have tested this in the case of potassium permanganate and potassium 
chromate with the results indicated in the foregoing table. 

The action is more distinct with KjCr04, which has a weaker coag- 
ulattve action in the dilutions employed. Both salts show definite 
action at dilutions of ^^„-^„ or even gj™,,^ . We may hold that the 
presence of powerfully acting cations is indicated by these experi- 
ments, which may accordingly be regarded as confirming the view 
that the pUirivalent Cr-and Mn- ions {hypothetically hexa- and hepta- 
valent respectively) are among the products of dissociation. Ions of 
such high valence should be expected to exhibit a most powerful 
physiological action; their active oxidizing properties are no doubt 
dependent on this peculiarity, which almost necessarily involves a 
very low decomposition voltage. 



VII. Swelling Action of Anions. 

The following records are given to indicate the comparative ac- 
tivity of the various anions in promoting absorption of water in 
solutions of their sodium salts ; afterwards the minimum concentra- 
tion of acid needed to prevent or markedly to retard this action is 
^ven. It wiJl be seen, as already mentioned, that in general the 
concentration of acid at which antitoxic action is most favorable coin- 
cides approximately with that needed to produce a marked retarda- 
tion of the swelling action yet without producing coagulation. 

Swelling phenomena are conspicuous in the action of pure isotonic 
solutions of sodium salts ; salts of other alkali metals exhibit the 
same action, as do also, to a less degree, solutions of calcium, magne- 
sium, and barium chlorides among the alkali earth salts. In the 
above sodium salts the rapidity of this action varies greatly in the 
different solutions. The visible effect is a rounding and eventually a 
detachment of the ciliated cells. Thus the epithelium of a gill fila- 
ment that has lain for some time {e. g., one hour) in (e. g.') ? a NaBr 
solution is found to be largely transformed into a mass of rounded, 
partially detached, and loosely cohering cells. Later the cells undergo 
still further swelling, which in course of time leads to complete disin- 
tegration. These effects are produced still more rapidly in solutions 
of Nal, while NaCI is less active than either. 

The nature of the phenomenon and its variation in different salts 
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13 best indicated in the accompanying table, which is summarized 
from the results of a large number of independent observations. It 
thus appears that the degree of swelling action is constant and spe- 
cific for each salt, and is dependent on the peculiarities of its anion- 
In the series with K-salts the relative activities of the various salts in 
producing swelling proved practically identical with those given here • 
for Na-salts. 

TABLE XVII. 

1. { NaCI . . . Usually the cells are sufficienUy »wollen within an hour to render 

the conloar of the filament uneven from the projecting cells, a 
fevf of which may have delached themaelves by then ; this round' 
ing and detachment are, as a rule, not distinct until several 
hours later. Swelling and detachment are well marked after 
20 to 24 h. 

2. f NaBr . . . Swelling is decidedly tnore rapid than with NaCI, and numerous 

cella are rounded and detached after an hour; in 5 or 6 h. 
the filament takes the appearance of a relatively volummoui 
mass of detached cells. Disintegration is very complete after 
24 h. 

3. \ Nal .... Swelling is decidedly more rapid than with NaBr, rounding and 

detachment being conspicuous within 30m. or less; within 2 
or 3 h. the epithelium ia a voluminous mass of partly disinte- 
grated swollen detached cells. After? or 8 h. the filament has 
the appearance of a swollen and almost structureless mass of 
disintegrated cells. 

4. ^NaNO, . . Swelling is well marked after 30 m.; the action is more rapid than 

twith NaCI, and less so than with NaBr; rounding and detach- 
ment of cells take place as in NaBr, but more gradually. 

Is very simitar to NaNOg In its action, — intermediate between NaCI 
and NaBr, 

Swelling is very rapid ; marked swelling and detachment and partial 
disintegration have taken place within 15 m. ; disintegration is 
more rapid than with ^ Nal. 

Marked swelling and detachment of cells after 15 m. ; swelling U 
very rapid; after 5 h. filaments are voluminous masses of 
swollen, detached, and disintegrated cells. Like NaBrOi in its 

Apparently similar to NaBr in its action; rather more active than 

NaNO, (2 observalions). 
Exhibits relatively slight swelling activity; is deddcdiy less active 

tlian NaCI, — swelling is not conspicuous for some hours. After 

20 h. there is considerable rounding and detachment, though 

always less than with NaCI. 
Swelling action is in general similar to that of NaBr, though less 

energetic. Disintegration is marked after 20 h. 
Action is in general like that of NajSO,. 
Swelling action appears relatively weak, — less than that of NajSOi 

(z oliser vat ions). 



5. \ NaCIO, . 

6. y NaBrOg . 

7. \ NaCNS . 



9. NaCOOCH, 



11. JNajSjOs. 

12. \ NajSO, . 
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13- ? NajC,HjO, 
14. ? Na, citrate , 

, IS. Na;HPO, . 

16. NajHAsO, 

17. Na^FeCCN), 

18. NajFelCN), 



TABLE XVII [fonlmnt. 

Veiy slight swelling aclion (less t 

Rlanienc as a lule] almost smool 

Almost no swelling occurs, the coi 

smooth after 24 h. or more. 
Similar to citrate : little or no svrelli 
Similar to Xa,HPO,. 
Praclically no swelling after 24 h. oi 
Practically no swelling action. 



1 N'aCOOCH,); after 20 h. 
iriih few or no detached cells. 
lit ol the filament remaining 



The following table gives records of a number of experiments with 
various chiefly monovalent aotJium salts in which the concentration 
of acid just necessary to prevent swelling was approximately deter- 
mined. Higher concentrations produce coagulation (cf. Table XIII). 
It will be seen that acid of half this concentration has well-marked, 
and in some instances the optimum, antitoxic action. 

TABLE XVin. 
, 1. "i KaCl . . . ,^,, HC1 prevents swelling and slowly coagulates the filaments. In 
,,?,, HCl swelling is just prevented r movement lasts 28 in. 
After 19 h. filament retains smooth contour. Cells are un- 
Bwollen; filaments are slightly whitish. In ,,7„ HCl cells 
swell, though gradually: movemcntlasts66m.; after 19 li. there 
is considerable swelling. (In the series on |>. 113 the most favor- 
able concentration for movement was ca. .00006 m HCl lniig)) 
where sweUing was slight after 17 h. In .0009 m HCl („7„ 
swelling was entirely prevented. | 
Z. <% NaBr , . .'J, HCl coaguUles slowly. ,JJt HCl almost prevents swelling, fila- 
ments remaining translucent and almost smooth in contour 
after 19 h. Movement lasts for more than 7 m. and less than 
Zl m. In ,», IICI swelling is gradual ; is considerable after 
19 h. Movement lasts 65 m. 

3. y Nal . . . ,^, HCl coagulates slowly ; ,St seems almost the neutral point, fila- 

ments are unswollen after IS h.; at „"■„ there is slight swelling 
after 19 h. , movem^t is favored [> ZO m.). ,5, HCl is mast 
favorable; swelling, though much retarded, is more rapid than 
'1 w'l cells are much swollen after 19 h. Movement salts 
more than 65 m. 

4. ^ NaNOt . . ,J^^, HCl slowly coagulates filaments which are white, (Opaque, and 

unsnollen after IS h. ,^g IICI almost prevents swelling; a 
little swelling is evident after 18 h. Movement lasts more than 
30 m. in this solution. In „■;, HCl swelling is more rapid; 
movement is favored, but less so than in j,",, HCl. In ,^, 
swelling is still more rapid. 

5. K NaClO, . . ',■;; HCl coagulate? filaments within 7 m. „"„ HCl does not coagu- 

late, but retards swelling greatly ; latter is fairly well marked 
after 18 h. Movement lasts 21 m. In ,-, and J„ HCl condi- 
tions are more favorable for movement, thoagb swelling is 
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TABLE XVIII [eoMinued). 
6- 7 NaltrO, . ,7, HCl coagulates gradually ; ,?, IICI alniMI prevents swelling ; fila- 
ments ate unswoUeti after 1 h,, though considerably swollen 
after 4 h.; in ^7, HCl swelling » more rapid, though greatly 
reiardcd as compared with the pure*olution ; Ibis concemra- 
tion seems most favorable for movement which remaina fairly 
active after 7 m. 
* 7. yNaCNS. . J, HCl coagulates slowly; in ,;•„ HCl filamenlBsweU gradually; in 
,*■„ with fair rapidity; movement is a little prolonged at this 
concentration. Swelling in the pure solation is very rapid. 
(A second trial gave the same result ; ,7, HCl prevents swell- 
ing ; in „"£, HCl gradual swelliug occurs.) 

8. f NaCOOCHj ~^ HCt gradually coagulates; at ,?, HCl filaments swell gradually, 

movement, however, was not prolonged in this series; at 
,T, and ,7, movement is prolonged, especially at latter concen- 
tration (35 m. -i-). .Ijj HCl also prolongs movement (35 m. \). 

9. y N»aC,H,04. ?, HCl was not sufficietit to coagulate filaments. So also with 

citrate ; there was slight anlitoiic action at », and ,^, HCl. 
10 7 Na,SO, . . ,-, coagulates gradually ; ,■;, almost prevents swelling — a few cells 
are detached after 22 h. ; in j^„ there is slow swelling. Move- 
ment is most favored at ;-. and „"„ (-^o- 17 m.). In? Na,S,0, 
J?, HCl also practically prevents swelling without coagulating; 
in ,7{g swelling is considerable after 18 h. ; this is tbe most 
favorable conceniTalion for movement (see Table XIII). 



Thus the general result appears that a concentration of acid suffi- 
cientjmarkcdly to retard swelling, but insufficient to produce coagula- 
tion of the cell-proteids, is in almost all instances that which has most 
effect in prolonging movement. The "antitoxic " action is in fact 
to be regarded as largely due to the retarding influence vvhich 
the H-ions exercise on the disintegrating or liquefactive tendency of 
the anion of the toxic salt. Thus we see that the more powerful the 
action of these anions, the higher the concentration of H-ions neces- 
sary to counteract their action, — /. e., the more acid must be added to 
produce the most favorable antitoxic effect. This is seen most clearly 
in the series of salts with monovalent anions. The order of increas- 
ing effectiveness in producing swelling — which is to be regarded 
as indicating the relative activity of the anions (these being present 
in ^ solutions in practically the same concentration, since the dissoci- 
ation of such salts is almost equal) — is substantially as follows : 
COOCHg, CI, NOg, CIO3, Br, I, CNS, and BrOj; I, BrOj, and CNS 
are closely similar in their behavior. COOCHg is less active, and 
NOg and CIO3 are somewhat more active than CI. Accordingly, in 
order to neutralize the swelling tendency, or to procure distinct anti- 
toxic action, CI requires least acid, ClOg and NO^ somewhat more. 
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Br somewhat more than these, I apparently about the same as Br 
(perhaps a little more), and CNS rather more than I. The quantity 
of HCl added practically represents in the case of the majority of 
these salts the concentration of H-ions in the solution, since the cor- 
responding acids are all strong except HBrOs and HCOOCHg. In 
the case of NaBrOg and NaCOOCH, the resultant acid dissociates 
slightly, and hence more HCI must be added to produce a sufficient . 
concentration of H-ions. This is seen also with salts of weak organic 
acids, as tartrate and citrate. With salts of acids of approximately 
equal strength the degree of physiological activity exhibited by the 
anion is what determines the proportion of acid or of other salt (_e. g., 
MgClj ; see above, p. io8) needed for antitoxic action. 

Antitoxic action with acid is found in solutions of sodium salts and 
possibly also in those of lithium, though I have as yet few data on the 
behavior of Li-salls, Conditions are different in those of potassium : 
thus it was found that addition of alkali or acid to pure %' KCl failed, 
in any of the concentrations employed, to increase the favorability of 
the solution. This result agrees with that mentioned above for ex- 
periments with mixtures of magnesium and potassium salts. 

ITature of antltoxla aotlon wltb other aalta. — Is the antitoxic ac> 
tion of other cations also due to their counteracting the swelling 
action of the anions? It seems doubtful that the favorable action can 
be due to his factor alone, since otherwise it would be difficult to 
explain why the H-ion, which in appropriate concentrations may com- 
pletely prevent swelling without causing coagulation, has only a lim- 
ited antitoxic action. It is possible that acid may be injurious on 
account of its checking respiration or otherwise interfering with the 
metabolic processes concerned in the production of the energy re- 
quired for the movement. But in all likelihood there exist in (,e.g.) a 
pure ^ NaCI solution several independently injurious conditions, of 
which the disruptive tendency due to swelling is only one. If this' 
can be checked, the result is favorable, as we have seen; yet the 
totality of conditions may remain injurious to the tissue and so 
unfavorable to movement. The heavy metal and the trivalent and 
tetravalent cations appear also to owe a large part of their antitoxic 
efficiency to their action in retarding swelling (see Table XIX), 
and the mechanism of their action is probably in large part similar 
to that of the H-ion. In the concentrations in which these salts have 
the most effective antitoxic action, swelling and detachment of cells 
are greatly retarded (as compared with the pure ? NaCI), although 
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n«t entirely prevented ; and a concentration sufficient to coagulate 
the filaments is always too high for antitoxic action. The same re- 
lation holds in part as with the H-ion ; this was especially evident 
with the trivalent and tetravalent metals and the salts of Cd, Zn, Ni, 
Co, Pb, Mn in the experiments of Tables V, VI, and XV above. 

In the case of the alkali earth metals and magnesium, whose salts 
are by far the most effective in antitoxic action, the characteristically 
high degree of favorability must be due largely to some other factor 
or factors, since even pure '? solutions of the chlorides induce swell- 
ing, though more slowly than the salts of the allcali metals. In 
favorable mixtures of 9 NaCI and an alkali earth chloride (of Be, 
Mg, Ca, Ba, or Sr) swelling is greatly retarded and detachment of 
cells is gradual, the filament retaining smooth contour and normal 
appearance for at least several hours, while the cilia remain vig- 
orously active. Nevertheless the mere prevention of swelling is 
probably a subsidiary factor here ; for even in favorable mixtures of 
5* NaCI and ^ MgClj numerous cells become rounded and detached 
in the course of a few hours; notwithstanding this, many of these 
cells exhibit active ciliary movement while floating freely in the solu- 
tion. Apparently some other peculiarity of action is responsible for 
the high antitoxic efficiency of these cations. What this is, is at 
present difficult to say: the ciliary substance is in some manner en- 
abled to preserve a state of physical consistency (of possibly spe- 
cial permeability or non-permeability to certain tons) favorable to 
contraction. 

In the series of Tables IX and X (various *({ Na-sa!ts with f'j and 
^ MgCI;) swelling was greatly retarded in all the solutions contain- 
ing MgCI, relatively to the pure solution; yet the characteristic dif- 
ferences in the swelling action of the various anions appeared as 
before. Numerical comparisons are hardly possible with data of this 
kind ; but the solutions admit of a classification on the basis of their 
unequal swelling action somewhat as follows: (i) those in which 
swelling was either absent or slight, only a few cells at most being 
detached after twenty-four hours ; this class includes all of the salts 
with plurivalent anions, even Na^SO^ — tartrate, sulphite, thiosulphatei 
citrate, phosphate, arsenate, ferrocyanide, ferricyanide — acetate and 
chloride; (2) salts in whose solutions a considerable but not large 
number of cells are detached in the same time, — jiitrate, chlorate, 
bromide; and (3) salts which produce marked swelling so that disin- 
tegration is rapid and a voluminous mass of detached cells ts formed. 
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— iodide, sulphocyanate, bromate; of these bromate seems most 
effective. The order of effectiveness in producing swelling is thus 
practically the same as that observed in pure solutions of potassium 
and sodium salts with various anions [cf. Table XXI, p. 136), although 
the process itself is greatly retarded by the action of the antitoxic 
salt. 

The general order of effectiveness of anions in producing swelling of 
the living cells, as deduced from the above and the earlier series of ex- 
periments, is essentially as follows (order of increasing action) : fluo- 
ride, the above inactive plurivalent anions/ tartrate, acetate, chloride, 
nitrate, chlorate, sulphate, bromide, iodide, sulphocyanate, bromate. 
It is noteworthy that this order corresponds closely with that given by 
Hofmcister and by Pauli for the relative effectiveness of anions in 
furthering the swelling of gelatine plates,^ in raising the melting-point 
of gelatine solutions,^ in anti-prccipitating action (in solutions of alkali 
sails) on proteid solutions,* and in furthering proteid precipitation 
in solutions of alkaline earth and heavy metal salls^ ((, e., when the 
precipitating salt is such as to give the colloid particles a positive 
charge'). Pauli gives the following series as indicating the order of 
activity of the anions in these relations: fluoride < sulphate < phos- 
phate < citrate < tartrate < acetate < chloride < nitrate < chlorate 
< bromide < iodide < sulphocyanate. Bromate, according to my 
determinations, comes after sulphocyanate. In the case of the salts 
with monovalent anions the above order of toxicity corresponds closely 
with the order of activity in producing swelling of the ciliated cells; 
this fact indicates that the toxic effect of these salts is largely de- 
pendent on this latter action. The case of the salts with trivalcnt 

' The relative inactivity of llie salts with polybasic acid is po.ssibly due largely 
to the presence of relatively few plurivalent anions in 3 solution, dissociation being 
chiefly into {e.g.) Na+ and NasC.HsO,- Na"^ and NaHPO*, etc., these anions 
being in all lilcelihood relatively inactive, or having difficulty in penetrating the 
cell. 

^ Hofmeistek; Archiv fiir experimentelle Pathologie und Pharmakologle, 1890, 
xxvii, p. 395 ; and Ibid., 1891, xxviii, p. 210. 

• Pauli and Rona : lieitrage zur chemischen Physiologic und Pathologie, 
■902, ii, p. [. 

' Pauli: Ibid., 1902, iii, p. 225. 

• Pauli; Ibid., 1903, v, p. 27; and 1905, vi, p. 233. See also Posteknak, 
who obtained a similar order of effectiveness of anions in the precipitation of pos- 
itive proteid hydrosols : Annales de I'lnslilul Pasteur, itv, 1901, p. 8;. 

• Cf. BiLLiTZER ; Sitzungsberichle der Kaiserlichen Akademie der Wissen- 
schaften, mathematisch-naturwissenschafclinhe Klasse, 1904, cxiii, p. 1201. 
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anions shows, however, that toxicity may be independent of swelling 
action. The reason why increase of valence as such sI)ou1d interfere 
with swelling is not evident ; yet it can scarcely be a coincidence 
that in the above series all of the plurivalent anions are relatively 
inactive in producing this change. In my own determinations the 
sulphate had a well-marked swelling action similar to that of hr&- 
mide. In other respects, however, the correspondence with Fault's 
series is a close one, especially as regards the relative activities of the 
series of monovalent anions. 



VIII. Amtitoxic Action of Anions. 

We have seen above that in the case of salt solutions whose toxicity 
is due to the preponderating action of the anion the addition of salts 
with active cations retards the poisonous action, — or, as we have ex- 
pressed it throughout (after J. Loeb), has an antitoxic action. Many 
salts are destructive to physiological processes for a precisely oppo- 
site reason; in their solutions the action of the cation preponderates, 
and the total action is accordingly coagulative. This is true of solu- 
tions of heavy tnetal salts and salts of trivalent and tetravalent metals. 
The alkali earth metals appear, in their action on the ciliated cell, 
almost intermediate between the above two classes ; the action of their 
chlorides is apparently partly coagulative and partly Hquefactive, 
depending on the nature of the colloids concerned. 

The question'now to be considered is: can the toxic action of pure 
solutions of these salts be xliminished by the action of ions that 
check or retard coagulative changes? The alkali earth chlorides 
oSer the best opportunity for testing this question. With ^ solutions 
of.CaClj,.MgCIj, and BaClj we should expect that addition of a little 
add would check the slight swelling action and so prove favorable. 
On the other hand, addition of alkali or of salts with strongly acting 
anions (BrOgi CNS; CN, etc.) should retard whatever coagulated 
action there is, and should therefore prevent the slight coagulative 
attlon of 1 SrClj, and so lessen the injurious action of this solu- 
tion. The following experiments were designed to test these 
possibilities. 

In the case of solutions of calcium and apparently also of magne- 
sium Salts the results are somewhat equivocal, since both actd and 
alkali may have a favorable action in proper concentrations. With^ 
7 SrClg, on th« other band; a distinct an titoxfe itiflDence is exercised 
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by alkali and by a considerable number of salts with powerful anions, 
while acid is quite devoid of such action. The results with this salt 
are thus in accordance with the theory that the present form of anti- 
toxic action depends on an approximate equalization between the 
opposed actions of the two sets of oppositely charged ions in the 
tissue. 

In pure % solutions of both MgClj and CaClj ciliary movement 
may last for several hours'; the same is true of BaCl^; while va% 
SrClg movement ceases within a few minutes after immersion in the 
solution. The swelling action is also characteristic. In solutions of 
the first three salts the cells swell gradually, and after a few hours 
considerable numbers are found to be rounded and detached. This 
action is more rapid in MgClg than in CaCtg, and in CaClj than in 
BaClg; in the latter salt there is usually relatively slight detachment 
of cells after six hours ; while in the former two the action is well 
marked after this interval. On the other hand, in ^ and even in 
-^ m and -^^ m SrClg, the cells remain permanently unswollen, and the 
filaments retain their smooth contour; after a few hours they are 
found to be perceptibly whitened and to exhibit a certain opacity 
indicative of a partial coagulation ; the prevailing change is thus 
evidently in a direction the reverse of that caused by the first three 
salts. In all these solutions swelling is much less rapid than in 
solutions of salts of the alkali metals. 

In determining the conditions of antitoxic action in solutions of 
these salts the following was observed in general: in a number of 
experiments with solutions of CaClj a trace of acid was found to pro- 
long movement somewhat {e.g., from ca. 6 ti. in pure 7 CaClj to ca. 34 h. 
in ^ CaCIi + ^f^ HCl) apparently by checking the swelling action ; 
but in order to produce distinct and well-marked antitoxic action 
the addition of salts with strongly acting anions was required. In 
^ BaCl, acid had apparently no antitoxic action in any concen- 
tration ; the same was true of f SrCl, where swelling does not 
occur. In solutions of the latter salt addition of certain salts with 
powerful anions prevents the coagulation and induces swelling; if 
the proportions are favorable, the antitoxic action is then very de- 
cided. In my experiments with ^ MgCl, the antitoxic action was 
oot so well marked ; no distinct results appeared with acid ; but 
with alkali and certain salts (NaBr, KCN) definite antitoxic action 
was observed, apparently due to the anions. 

In the explanation of why slight addition of acid should favor 
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ciliary, activity in CaCli solutions, it must be assumed that the 
presence of H-ions in low concentrations binders some destructive 
action of the pure solution. Since H-ions do in fact hinder the 
swelling of the cells — an effect evidently due to their possessing an 
anti-swelling or coagulative action — it seems probable that their 
favorability in this instance is due to some such action. The struc- 
tures concerned in ciliary movement consist in all likelihood partly 
of colloids that are caused to swell by CaClj solutions ; prevention of 
this action would be favorable to preservation of the contractile 
structures and hence to continuation of movement. On the other 
band, the fact that salts with active anions have a more pronounced 
antitoxic action seems to indicate that the chief colloid structures 
concerned in the contractile activity undergo a change of the reverse 
kind in ^ CaCt, ; this is on the assumption that the favorable action 
of the anions depends largely on their checking such coagulative 
changes, — which seems clearly indicated in the experiments with 
% SrCl, below. In my studies on the Ctenophore swimming plate 
I have found that the fibrillar substance of the plate remains white 
and unswollen in 7 CaCl,, indicating a preponderantly coagulative 
action. In view of the resemblance between this tissue and cilia 
it seems probable that here also this salt has a slowly coagulative 
action on the colloids directly concerned in contractile activity (per- 
haps on those forming the substance of the cilia themselves), 
although its action on other cell structures may be, on the whole, of 
the reverse character — hence the gradual swelling of the entire cell. 
If this surmise is true, anions act favorably by checking coagulation 
of the ciliary substance in ^ CaClj. 

Antltoxio aotlon of anion* on solntiona of alkali earth ohloridca. — 
Addition of alkali to ^ CaCl, has a distinctly favorable action 
through a certain range of concentrations. In one series of experi- 
ments, in which sodium hydroxide was added to % CaClg in a series 
of graded concentrations ranging from j-~ to , ^^o • movement was 
markedly prolonged in the last three concentrations (NaOH to 37^, 
-^^ and , ,7oo )- ^" r^ NaOH swelling and detachment of cells 
were greatly accelerated ; after one and a half hours many cells were 
rounding and detaching, and movement had almost entirely ceased 
after six hours and thirty minutes. Swelling was progressively less 
rapid as the concentration of alkali decreased, although in all cases it 
was decidedly accelerated relatively to the control, "{ CaCI,. Move- 
ment remained in jf^ and —^^ NaOH after eighteen hours and 
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forty-seven minutes ; in 5-5^00 NaOH conditions were less favorable, 
though movement was distinctly more ac^ve than in the control after 
six hours and twenty-seven minutes. In this last solution (neutral 
^ CaCI,) movement was fairly active after six hours and twenty-five 
minutes; it had ceased and disintegration was well advanced after 
eighteen hours, Thcu the hydroxyl ion, while promoting swelling, 
also favors activity in % CaClg. 

We have now to determine whether the presence of other definite 
anions in the solution has a similar effect. This w^ tested as fol- 
lows: the solution of the sodium salt whose anion was to be tested 
was added to the ^ CaCI, solution in graded concentrations as above. 
In most instances the sodium-salt solution was added in insufficient 
quantity to reduce the concentration of CaCl, more than very slightly. 
That the Na-ion is not the effective agent is shown by the fact that 
adding sodium chloride in equivalent concentrations does not produce 
the effect observed. 

In the following (Table XIX) the results of two series of experi- 
ments with sulphate, tartrate, and citrate are given. Salts with biva- 
lent and trivalent anions were used with a view to obtaining indications 
of the possible importance of valence in the antitoxic process. 

TABLE XIX. 
The results of two Independent serie* are Incorporated In thii taUs. In series A sulphate 
and tartiate were used in the two concent ratloni f^ and ^ -, in aeries B the concentra. 
lions for these salts were ft, f^, and tfii- In both series citrate was used in concen- 
trations f^, j^j, and y^. 

1. Pure iV " CaCl^. A : almost ceased by 4 h. 43 m. B : almost ceased by 4 h. 48 tn. 

(C».fi*.). 

2. 9 vol. A « CaCl, + 1 vol. \ NajSO, (fl). A (slight precipitate CaSO,) : active, 

long^coniinued movement ; a little movement after 43 h. SO m. {^3 A. 
BOm.). 

3. 19 vol. ,V n CaCl, + 1 vol. ;■ NajSO^ f A). A ; action similar to Sotation 2 ; a little 

movement after 43 h, 50 m. B : a little movement after 41 h. 14 m. 
(A.: 43 k. SO m.;^: 41 *. If «.). 

4. A m CaCl, + NajSO« to fl. B : rather less favorable than Solution 3 ; trace of move- 

ment after 41 h. 14 m. (H A. 14 "■)■ 

5. f,M CaCli+ Na,SO, to ,;,. B: less favorable than Solution 4; fairiy active after 

IVh. (;9^.). 

6. 9 vol. ^f n CaCl, + 1 vol. y Na,C4H,0, (fl). A (some Ca tartrate crystallizes 

out): active long-continued movement as in Sotation 2; active after 
43 h. 50 m. (tS A. 60 «.). 

7. 19 vol. il, m CaClj + 1 vol. 7 NajCjH.O, (ft) {a little Ca-»aitrate cryslaJliM* out). 

A: action like Solution ti; long-continued movement; a little remains 
after 65 h. 43 m. B; a little movement after 41 h. 10 m. (A: 65 A. 
43 M.; B: ilh.lOm.). 
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TABLE XIX (conlinue^. 

8. -ftm CaCtt + NatCiHtO, to ;■ : B : like Solution 7, though apparent!;' tess favor- 

able; a little movement after 41 h. 10 m. llOA.flm.}. 

9. A « CaCl, + Na^CjH.O, to ^ U : leu favorable than Solution 8 ; fairly active 

after 19 h.,(/9i.+). 

10. 9 vol. A " CaCI, + 1 vol. f Na,C,H,0,. A. (a litlle precipitate of Ca-citrate) a 

little movement after 4 h. 55 m. ; ceased by 18 h. (i i. SS m.). 

11. 19 vol. A « CaCl, + 1 vol. p Na,C«H(Or ({i). A : active movement at first ; a little 

movement aEter 24 h. Bi a little movement after4Ih. 13 m. {A:£tA.i 
B: 41 i. 13 HI.). 

12. Vb m CaCti + Na,CeH,0, to ,7 A: morefavorable than Solution 11 : alittlemove- 

ment after 43 h. 51 m. B: a little movement after 41 h. 14 m. (A : 
43 A.Sim.; B: fl A. H m.). 

13. A m CaCl, + NasC,H,0, to J,. A : a little movement after 43 h. SI m. B : a little 

movement after 41 h. 14 m. |A : ^ 4. 5i <n. ; B : 41 h. 14 m.). 

In a third similar series with % CaCli even more favorable re- 
sults appeared. In presence of ^ Na^SO^ a little movement was 
found to remain after eighty-six hours ; and movement lasted for the 
same period in solutions containing tartrate and citrate in the propor- 
tions Yo' ^1 3"*^ ^ i io 1^ citrate solution some movement persisted 
after sixty hours and forty-two minutes. 

The above salts thus exhibit well-marked antitoxic effectiveness in 
CaCij solutions. The indications are that the citrate, which yields a 
certain number of trivalent anions in its solutions, is more effective 
in low concentrations than the tartrate or sulphate. Increase of valence 
seems generally to impart physiological effectiveness to an ion, 
whether this be due to the presence of a greater number of charges 
within the volume occupied by the ion, or to an incidental decrease in 
its electrical stability resulting from increase in number of charges. 
Valence, however, does not seem a factor of so great importance in 
the case of the anions as of the cations. 

On reference to the table on page 103 (Table VIII), it will be seen 
that mixtures of nine volumes ^ CaCl, and one volume ^ NaCI are 
more favorable than the pure J CaCIj. The same is seen in corre- 
sponding mixtures of 5" BaCl^.and MgClj (Tables VIII, XI) with ^ NaCI. 
In this solution the concentration of CUions is only slightly different 
from that in pure f CaClj, while that of the Ca-ions is reduced by 
almost 10% ; theefTective action of the anions is thus increased, since 
Na is a less active cation than Ca which it replaces. The addition of 
NaCI thus appears to have an antitoxic effect which some might con- 
sider due to the Na. But that the effect is in reality chiefly due to 
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the increased anion action is indicated by the following series of ex- 
periments, in which it is shown that the bromide has a much more 
effective action than the chloride under the same conditions. 

TABLE XX. 

1. ft m CaCI). Trace of movement afler 18 h. {IS h.). 

2. 9 V. ft rn CaCl, + 1 v. ftmNaCl. Alter 18 h. movement ii conaideraUy more active 

than in Solution 1. Movemeni has practically ceased b; 42 h. (^ J.)- 

3. 9 V. ft in CaClj + 1 v. ft «» NaBr. Action is dislinclly more favorable than in Solu- 

tion 2 ; a little movement remaint after 66 h. In a repetition of this ei- 
peiiment a little movement remained after 86 h. 56 ro. (65 A. ; $7 ^.). 

This marked degree of antitoxic effectiveness is to be ascribed to 
the presence of the Br-ion which, as seen above, is more energetic in 
its action (as seen by its greater effect tn producing swelling, etc.) 
than the Cl-ion. The action of the Ca is thus counteracted to a 
greater degree. The same is seen in the experiments with SrCl^ and 
BaCI, below. The greater antitoxic effectiveness of the bromide in 
this relation is probably to be ascribed to the lower decomposition 
voltage of the Br-ion, since it is similar to the Cl-ion with respect 
both to valence and ionic velocity. 

The presence of small quantities of potassium cyanide is very ef- 
fective with y SrCij, as will be seen below. In the case of " CaCij, 
the* cyanide produces less decidedly favorable results. Yet in low 
concentrations it certainly prolongs movement ; thus in a series of 
solutions of A »( CaClj containing KCN in the concentrations ~^a> 
fl^o' ^""^ la'ooc . movement was found to last distinctly longer than 
in the pure solution. Whether this action is due chiefly to the CN-ion 
(which on account of the slight dissociability of the hydrolytically 
formed HCN is present in such solutions in very low concentrations), 
or to the OH-ions (which are present in numbers almost equal to those 
of the K-ions), or to the undissociated HCN molecules, is difficult to 
say with any certainty. The increased alkalinity, no doubt, plays a 
rdle, since an equivalent addition of an alkali hydroxide has a similar 
effect ; yet, as will be seen more clearly in the case of y SrClj, cyan- 
ides have a more powerful antitoxic action than hydrates in very low 
concentration, so that some r61e must be ascribed to either the HCN 
molecules or the CN-ions in the solution (see the experiments with 
5* SrCij below). 

With ^ MgClj the addition of a little alkali is also favorable, although 
little can be added on account of the insolubility of magnesium 
hydrate. A distinct increase in the activity of movement and in the 
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rate of detachment of cells is seen, and the movement, in all of the 
four experiments tried, lasted decidedly longer than in the pure solu- 
tion. The addition of small quantities of sulphate, tartrate, and citrate 
as above had, however, no such decided effect as with ^ CaCij. In 
two series of experiments with varying mixtures of J MgCl, and 5* 
MgSOj ( I vol. MgCI, + 9 vols. MgSO^, 2 vols. MgCI, + 8 vols. MgSO^, 
etc.) the most favorable solutions contained approximately equal vol- 
umes of the two salt solutions ; the difference from the pure solution 
of either salt was not very decided. In two experiments with mix- 
tures of 9 volumes i"o >« MgCIj 4- l volume i^ m NaBr movement was 
considerably prolonged, — in one case a little movement remained 
after 66 hours. KCN in the concentrations x^o' To^' ig"oo ^Iso 
prolonged movement considerably. In genera), however, the action 
of salts with active anions in prolonging movement was less striking 
than with y CaQj or SrCIj. It may be that in 5" MgCl, solutions 
there is a closer approach to an equality of action between anion and 
cation than in CaClg solutions; hence antitoxic action is in general 
less marked. 

With 5" BaClj no evidence of antitoxic action was seen with acid. 
On the other hand, addition of alkali to A « BaClj proved favorable ; 
in each of the four concentrations of NaOH, j^^, j^o. jijo' *"** 
1- 3^06 1 movement was decidedly more active and prolonged than in 
the pure solution, lasting for more than 18 hours in each instance; 
while in the control all activity had ceased in less than 4 hours. 
The typical increase in swelling and detachment of cells is also seen 
in these solutions, to a degree proportional to the concentration of 
alkali. Of salts with active anions the bromide, cyanide, and citrate 
proved effective; in one instance movement continued for over go 
hours in a mixture of 9 volumes A "^ BaCIj and I volume ^ NaBr. 
The addition of a trace of cyanide enabled movement to continue for 
18 hours, and of citrate for 30 hours ; no distinct action was obtained 
with tartrate. The almost complete insolubility of the sulphate pre- 
cludes its use in experiments with barium salts. 

The action of anions in counteracting a toxicity due to predomi- 
nance of cation action appears most clearly in solutions of strontium 
chloride. Acid has no antitoxic action, merely accelerating the coag- 
ulation which we have seen to be the effect of pure neutral solutions 
of this salt ; while alkali has a most striking and decided influence. 
' The following series illustrates this action; standard KOH solution 
was added to the pure " SrCl^ in the concentrations named. The 
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action of each solution in promoting movement and in producing 
swelling of the cells is briefly indicated. 
TABLE xxr. 

1. Pure X SrCtj . . . Slight movement >ft«r 10 m. ; ceued bj 20 m- No swelling 

of filamenta ; filaments are white, opaque, and smooth in 
contour after 20 h. «£0 ih.). 

2. p SrCli -t- ,^ KOH ' . Movement is active and cells aie swelling after 18 m.; after 

42 m. movement has almost ceued and filament already 
shows marked- swelling and disintegration (4f m.). 

3. {■ SrCl, + S* KOH . Active long-continued movement ; considerable swelling after 

1 b. 20 m. ; a trace of movement remains after 19 h. 24 m.; 
swelling and disintegration are then marked {19 h. tt *>.). 

4. 7 SrClj + jSi KOH . Active movement as in Solution 3; swelling it more gradual; 

after 20 h. disintegration is well mvked, but less *o than 
in Solution 3 (19 A. »4 »■ +)- 

5. 7 SrClj + ^, KOH . Active movement; swelling Is more gradual than in Solution 

4i after 20 h. conditions are similar to Solution 4 (19 A. 
S7m.+). 

6. 7 SrCI, -f aJSi KOH . Movement has almost ceased by 19 h. 37 m. ; swelling is rela. 

tively Blight (i9i.*7m-). 

7. J SrCJ, + niW KOH. Active movement at first ; is greatly slowed after 2 h. 30'm. ; 

has almost ceased by 6 h. 30 m. After 20 h. (ilamenu are 
even-contoured {no swelling) and slightly whitish (fi A. 
S0«.]. 

8. 7 SrCl, + ^„ KOH. Quite active movement at first ; ceases within 1 h. 15 m. ; 

filaments after 20 h. are opaque and white as in neutral 
solutions «i I*. 16 /o.). 

The antitoxic action is thus clearly a most pronounced one, and 
runs closely parallel to the anti-coagulative action of the alkali. In 
another series of four solutions (KOH from yf^ to j~^) the most 
favorable action was seen at j^ (cilia still active after twenty-four 
hours and nineteen minutes ; at ^^ there was only slight swelling and 
movement was considerably slowed after three hours and forty-five 
minutes. In the above series —^ and j~ KOH appear most favor- 
able; in -^"^-^ KOH the swelling action is too energetic, and induces 
rapid disintegration. In a third series of four solutions of ^ SrCl, 
with sodium hydrate as antagonizer, the action was similarly favorable 
in the concentrations j-J^, ^^, jfJrs > *' iaaii movement was only 
slightly prolonged. Apparently a concentration of alkali lying be- 
t**^" H^ ^""^ Ta oo a '^ ^^^ \east that will completely prevent the 
coagulative action of the Sr-ions and so produce a marked counter- 
action of the toxicity of the pure solution. 

Solutions of potassium cyanide have an equal or even more pro- 
nounced antitoxic action. The ffillowing table summarizes the results 
of one series of experiments with this salt : 
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TABLE XXII. 
1. 7 StC1j + ^KCN. Movement has almost ceased after 42 m.j swelling i« Fhen well 
marked (^ m.)- 
■ Z. f SrCli + m KCN. Movement is active and prolonged ; swelling is leu rapid than 
in Solution 1 ; a little movement remains after 19 h. 41 m. 
{ISh-ilm.]. 

3. » SrCI, +- ifl, KCN. More favorable than Soklion 2 ; a little movement remains after 

43 h. 24 m. ; Hwelling is less marked than in Solution 2 (^ 
h.tiio.). 

4. \ SiCIf + lAi KCN. Movement as in Solution 3 ; after 20 hours filaments remain 

clear and lianslticent In appearance ; slight swelling [43 h. 

5. ? SrCl, + ^„ KCN. Apparently more favorable than Solution 4 ; filaments remain 

translacent) somewhat swollen after 20 h. (4^j.£jm. +). 

6. f SrCI, + nh. KCN. Active at liist : after 2 h. 16 m. there remains relatively little 

movement ; after 20 h. filaments are smooth and unswollen 
and almost opaque, though less so than in pure f SiClj 
{eA.16m.+). 
7- ^ SrCIs + iVIsi KCN. Fairly active after 1 h. 16 m ; filaments are opaque and white 
after 20 h., like pure if- SrCI, {1 h. 16 m. +). 

8. T SrCI, + ,A. KCN. Like Solution 7, though less active (f h. 16 m.). 

9. TStCl,+ irflnKCN, A litUe movement after 42 h.; coagulated after 20 h. as in 

pure 5 SrCI, (*?■«.+). 

The optimum concentration of KCN seems here jfjp, to jfj^. In 
another experiment movement lasted for more than eighteen hours in 
~o KCN. In another series of determinations with^ SrCI, the maxi- 
mum observed duration of movement in the different solutions was 
as follows: 55^ KCN, five hours and fourteen minutes ; j^^ KCN, 
forty-two hours and eight minutes; -~^ KCN, sixty-seven hours and 
twenty-eight minutes; ^^^^ KCN, eighteen hours and twenty-eight 
minutes. The optimum here corresponds to that observed in the 
series of Table XXII. A distinct though slight antitoxic action 
is observed in concentrations of KCN so low as , „ ,^^^ . 

other Mlu. — Sodium tartrate added in concentrations of ^ and ^ 
had a distinct though not pronounced action in increasing activity 
and prolonging movement in g SrCt,. The addition of sodium bro- 
mide in somewhat considerable quantity also proved effective and to 
a greater degree. Thus in a mixture of 6 volumes ? SrClj and 4 vol- 
umes K NaBr movement continued for eighteen hours in one experi- 
ment and for two hours and twenty-three minutes + in a second; the 
filaments showed marked swelling and disintegration after twenty 
hours. Solutions with 8 volumes "^SrClj and z volumes "3 NaBr were 
less favorable ; in each of two experiments movement remained active 
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after forty minutes, but had ceased after five hours. With NaBr in 
lower concentrations (9 vols. SrCIj + 1 vol, ^ N'aBr, etc.) no antitoxic 
action could be seen; in these solutions the filaments coagulate. 

Sodium iodide acts similarly to the bromide. In 6 volumes 7 SrCI, 
and 4 volumes 9 Nal movement lasted for two hours and twenty- 
two minutes in onsi experiment, and in another was still active 
after thirty-six minutes ; coagulation is prevented in this solution. 
In presence of less Nal conditions proved less bvorable, as with 
NaBr; 9 volumes ^ SrClj and i volume ? Nal proved slightly effec" 
tive. Iodide is thus more active than bromide. Slight indications of 
antitoxic action were also obtained with solutions of sodium ferro-cya- 
nide ; also with sodium sulphocyanate in ^ and j^ concentrations. 

The most effectual salts for antitoxic action with % SrCti proved 
in all cases to be those with strongly marked anion action ; thus 
NaBrOg and Na^HAsOf were found to exhibit conspicuous antitoxic 
activity. The following table illustrates : 

TABLE XXIII. 

1. 9 vol. 7 SiCI, Jr 1 vol. - NaBrO. (;;). Movement remains fairly active alter 8 h. 

57 m. ; filaments are traiulucent and somewbat swollen (9 h. + ). 

2. r SrCl, + - NaBrOg Movement is fairly active after I h. 4S m, ; has ceased by 2 h. 

45 m. ; filaments swell, though less than in Solution {\ 1 k. iS m. +}. 

3. ; SrClf + A NaBrOg. Less favorable than Solution Z ; movement has almost ceased 

by 1 h, 45 m. ; practically no swelling ; filaments arc opaque and white 
(partial coagulation) after 20 h. (1 h. fS m.). 

4. p SrCI] + ,1^ NaBrO). A little movement after 42 m. ; coagulation as in Solution 3 

its m.). 

5. 7 SrCli + Sv NaBrO,. Similar to Solution 4 {it irt.j. 

6. 7 SrCl, 9 vols. ■+- 1 vol. ~ NajHAsO, (A). (Slight predpitale) quick vigorous move- 

ment; filaments remain translucent; fairly active movement after 3 h- 
45 m. (3A. 45m.+). 

7. ;■ SrCli + ^ Na,H AsO,. Quick movement at first ; a little movement after 8 h. 54 m.; 

filaments swell {S A. S4 m.). 
8- 7 SrClg -I- n NajHAsOf. Active movement at first; fairly active movement remains 

after 21 h. 46 m. ; swelling is then well marked {tl A. fS m. +>. 
9. ; SrCti ■)- ,^ Na^HAsO,. More favorable than Solution S; active lang.cont1nued 

movement. Fair movement after 32 h. 33 m. ; swelling welt marked 

after 20 h. (5« k. S8 tn. +). 

10. ^ SrClj+ ^ Na,HAs04. Vigorous and long-con tinned movement; more favorable 

than Solution 9; a little movement after 46 h. 6 m. ; well-marked 
swelling after 20 h. (^ k. 6 m.). 

11. ^.SrClj -|- ,;, Na^HAsO,. Active movement; ceases sooner than in Solution 10; 

fairiy active after 28 h. 45 m. ; well-marked swellii^ after 20 h. (IS k. 
iSm.-\-). 

12. 7 SrCl, -f «„ Na,HAs04. A little movement after 2S h. 45 m. ; well-marked swell- 

ing after 20 h. {iS A. iS >».). 
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TABLE XXIII [timlmuid). 

13. 7 SrCIi + ^u Na,HAsO(. Active al first ; almost ceued >f ler 19 h. ; swelling less 

than in Solution 12 {19 h.). 

14. 7 SrClj + ^, NaaHAaO^. Active at fint; almost cea<ed after 5 h. 6 m.; fair swell- 

ingafterZOh. (5«.6m.). 
15- 7SrCl, + ^„Na,HAl04. Similar to Solution 14; a little movement after 4 h. 20 m. ; 

only slight swelling after 20 h. [4 h. tO •>.). 
16. I SrCl) + ^„ N3,HAs04. Movement much slower after 32 ro. ; filaments are un- 

swollen and opaque after 20 h. (Jf m. + ). 
17- 7 SrCI + lA* N^tHAaOf. Like Solution 16; filaments coagulated after 20 h. 

(5«m.+). 

15. 7SrCI) + ^, Na,HAsOi. A little movement after 31 m.; filaments coagulated 

after 20 h. [SI m.). 
19. r SrClj + „-„ NajHAsO^. Less movement than in Solution 18; ceased by 30 m. ; 
filaments coagulate {6m. +). 

Sodium arsenate thus exhibits remarkable antitoxic activity in 
solutions of strontium chloride; here again the action runs closely 
parallel with its power of preventing coagulation ; this power is still 
cfiFective at y o?oo dilution; in lower concentrations the filaments 
slowly coagulate and movement is prolonged relatively slightly, 
although some slight action is evident even in , „"„ ^ dilution. 
Sodium bromate is less effective and requires higher concentrations. 
The superior efTcctiveness of the arsenate tends to confirm the view 
that valence as such is an important factor in determining the phys- 
iological effectiveness of an ion. According to the above results 
the trivalent AsOf ion must be regarded as highly effective in this 
relation. 

Antito^o aotion in mohMau* of ottiw ■■Ita of plnrivRlant mstalB. — 
I have made various attempts to antagonize ^ solutions of AICI, and 
Alj (SO4), by means of the above salts: sodium sulphate, citrate, 
arsenate, and potassium cyanide. In all solutions the action of the 
Al-ions was prepotent, as shown by the prompt coagulation of 
the filaments and the absence of swelling; ciliary movement also 
failed to be prolonged perceptibly in any instance. The insolubility 
of aluminium hydroxide precludes the use of alkali for this purpose. 
Experiments were also made oh the effects of addition of alkali and 
acid to solutions of heavy metal salts. No indication of any antitoxic 
effect was seen except in the case of manganese chloride, where the 
addition of a little alkali appreciably accelerated the swelling and 
seemed to increase the activity of ciliary movement. The action was 
slight, however; the addition of sulphate and citrate had no evident 
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action. In brief, of various attempts to antagonize salts of alu- 
minium and the heavy metals none gave decisive results. It would 
appear that in these solutions the action of the cation preponderates 
to a degree that renders its counteraction impossible by addition of 
other salts. We may infer that it is only in solutions where the influ- 
ence of the ions of one sign preponderates relatively slightly over 
that of the others that a really decided antitoxic action is possible \ 
the alkali earth salts, on the one hand, and the various relatively non- 
toxic sodium salts, on the other, exemplify this. In other words, the 
above form of antitoxic action consists, according to this view, in 
the counteraction of a relatively slight prepotency on the part of one 
or the other of the two sets of oppositely charged ions in the tissue; 
hence its possibility is confined to relatively few salts whose action is 
approximately a balanced one. In living tissues under normal con- 
ditions the balance between the two opposed ion actions must be pre- 
served by some automatic self-regulatory process of adjustment, such 
as appears in most if not in all cells to maintain the reaction of 
the protoplasm at an approximate neutrality. 



Summary and Conclusion. 

1. The injurious action of pure solutions of most sodium salts on 
the ciliated epithelium of Mytilus may be counteracted by the addition 
of salts of certain metals {e. g., MgCl,) to a degree varying with the 
nature of the anion of the Na-salt. Salts with the more toxic anions 
(Nal, NaCNS, NaBrOg, etc.) admit of relatively slight counteraction. 
Anions may thus be ranged in their order of toxicity. 

2. This antitoxic action is well marked with Li- and Na-salts; 
slight or absent in NH^ and K-salts. 

3. Antitoxic action in solutions of Na-salts depends on the cation 
of the added antitoxic salt ; the most effective antitoxic salts are those 
of bivalent metals whose cations have high decomposition tensions 
(alkali-earth metals and manganese); heavy metals are less effective; 
Fe", Co, Ni, Zn, Cd, Pb show diminishing effectiveness in this order; 
Cu, Hg, UO3 are without favorable action. 

4. Acid (the hydrogen-ion) shows well-defined antitoxic action 
with a large number of Na-salts ; in general the more toxic the anion 
of the Na-salt the more H-ions (or other antitoxic cations) are needed 
for optimum antitoxic action. 

5. Trivalent and tetravalent cations (Al, Cr, Fe'", Th, Sn"') ex- 
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ercise antitoxic action in much lower dilution than bivalent cations ; 
Al, Cr, and Fe'" show optimum action in increasingly dilute solu- 
tions in this order; Th and Sn"' resemble Fe'" in their optimum 
dilution relations. 

6. The individual anions show a specific activity in producing 
swelling of cells in isotonic solutions of K- or Na- salts. The order of 
increasing toxicity of the monovalent anions corresponds with the 
order of increasing activity in furthering absorption of water. This 
order is: COOCH,, CI, N0„ ClOa. Br. I, CNS, BrOg, OH. The 
plurivalent anions in general show little activity in producing swelling. 

7. Antitoxic action with solutions of Na-salts appears to depend 
largely on the action of the antitoxic cation in retarding the swelling 
or disintegrative action due to preponderant anion action. The fa- 
vorable action thus depends largely on the production of an approxi- 
mate balance between the opposed actions of anion and cation. 

8. In solutions of SrCI, a relation appears between antitoxic 
action and the anticoagulative action of the antitoxic salt ; the action 
is due to the checking of a preponderant cation or coagulative action ; 
salts with active anions thus show antitoxic action (NaOH, KCN, 
Na^HAsO,, NaBr, Nal, NaCNS). Other alkali earth chlorides show 
similar relations. 

9. In general, antitoxic action seems due to an approximate equal- 
ization of the opposite actions of anion and cation on the colloids of 
the tissue. Hence salts whose toxicity is due to predominant anion 
action require salts with active cations for counteraction and vice 
versa. 
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ON THE POINT OF ACTION OF DRUGS ON THE HEART 
WITH SPECIAL REFERENCE TO THE HEART OF 
UMULUS. 

By a. J. CARLSON. 
[firoia tie Hull Physielogiad LaioratBiy of lie University ef Chkagt.\ 

I. Introduction. 

THE study of the action of drugs on the Limulus heart was 
undertaken with a twofold purpose, namely, to compare the 
pharmacology of this heart with that of the vertebrate heart, and, 
second, by determining whether a certain drug exerts its specific 
action on the heart ganglion or on the heart muscle or on both, to 
throw some light on the mechanism of action of these drugs on hearts 
in which the nervous and the muscular tissues cannot be separated for 
experimental purposes. My purpose in comparing the pharmacology 
of the Limulus and the vertebrate hearts was mainly to obtain 
_ further data on the fundamental similarity (or, if you please, dis- 
similarity) between the nature of the heart rhythm in Limulus and 
the vertebrates. In so far this paper is a continuation of the work 
on the Limulus heart already reported in this journal. I have stated 
before that the demonstrations of the neurogenic nature of the 
rhythm and conduction in the Limulus heart are demonstrations for 
that heart only; but if it ij shown that there are no fundamental 
differences in the reactions and the behavior of the Limulus and the 
vertebrate hearts, the probability that the mechanism of the heart 
rhythm is the same in both becomes stronger. 

The literature on the pharmacology of the vertebrate heart is very 
extensive. While there may be said to be a fairly general agreement 
as to the specific action on the heart of many drugs in therapeutic 
doses in the intact animal as well as on the isolated heart, the inter- 
pretations of the mechanism of this action of the drug on the heart 
are based almost entirely on analogies and unproven assumptions. 
The adherents of the myogenic theory of the nature of the heart beat 
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ascribe the etfbcts o£ most drugs — except those that are supposed 
to act mainly on the inhibitory nerve endings — to a direct action 
on the heart muscle. If the automatism of the heart is due to the 
peculiar properties of the heart muscle, the mechanism of action of a 
drug on an isolated heart must be relatively simple. The drug may 
augment or depress the rhythm by acting directly on the automatic 
heart muscle or by stimulating the augmentor or inhibitory nerves 
and nerve endings in the heart. A depressor action of a drug on 
the augmentor or inhibitory nerves and nerve endings would not 
affect the rhythm of the isolated heart, as there seems to be no 
evidence that the extrinsic heart nerves have any "tonic" action on 
the heart after these nerves have been severed from the central 
nervous system. 

If the neurogenic theory of the nature of the heart rhythm repre- 
sents the actual facts, however, the possible mechanisms of action 
of a drug on the isolated heart become more numerous. The 
heart rhythm may be augmented or inhibited by the drug acting (i) 
on the heart muscle in a way to increase or decrease excitability 
and contractility ; (2) on the automatic ganglion or ganglia in a way 
to augment or inhibit both the intensity and the rate of the nervous 
discharges ; (3) on the nerves (and nerve endings) leading from the 
gaqglia to the heart muscle in a way to increase or decrease their 
excitability and conductivity, and lastly (4) on the vagus and accel- 
erator nerves and nerve endings in connection with the automatic 
ganglia, the nerve plexus, or the heart muscle. We have practically 
no direct knowledge enabling us to decide between these or any 
combination of these possible points of action of the drug on the 
heart, because no one has so far succeeded in separating the nervous 
and the muscular tissues in the vertebrate heart for experimental 
purposes. It is obvious that I refer to the action of minimal or 
■ therapeutic doses of the drugs. At sufficient concentration all drugs 
will apparently act on all forms of protoplasm, but in minimal 
strengths many drugs appear to have a " selective " action, attacking 
one tissue while leaving another practically unaffected. This selec- 
tive action of therapeutic doses must, of course, be due to some 
physico-chemical differences in the tissues. Accurate determination 
of this selective action is therefore a valuable step in furthering our 
knowledge of the mechanisms of actions of the drugs on the living 
tissues. 

For a description of the method of preparing the Limulus heart for 
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these experiments the reader is referred to the preliminary paper and 
to the paper on the action of the temperature variations on the 
Limulus heart.' It will be seen from these descriptions and figures 
that under conditions allowing ordinary and exceedingly accurate 
graphic registration of the heart rhythm the action of a drug in 
solution can be confined either to the heart ganglion or to the 
heart muscle (and nerve endings) at will. The graphic method was 
used exclusively, as the action of most of the drugs in dilute solu- 
tion would escape direct observation. The conclusions as to the 
action of any one drug are based on experiments on at least ten 
difTerent hearts. In the cases of most drugs the experiments were 
repeated on many more preparations, in order to eliminate acci- 
dental errors or individual variations. 

The drugs were dissolved in Limulus plasma or sea water. Isoto- 
nicity of the medium is thus maintained, except in so far as the 
osmotic pressure of the plasma or sea water is directly altered by 
the drug, or altered in reference to the heart tissues by changing the 
permeability of the latter. 

Errors from temperature variations were excluded by using all 
solutions at the same temperature, namely, that of running sea water. 
It has been shown by Newman that the Limulus heart tissues exhibit 
a relatively great resistance to the lack or deficiency of oxygen in 
the surrounding medium. Slight differences in the oxygen tension 
of the different solutions employed may therefore be left out of 
account. 

The drugs used were, with the exception of adrenalin and ergot, 
of Merck's manufacture. 

In reporting the results I have adopted the plan of first describing 
the separate action of the drug on the heart ganglion and the heart 
muscle as well as on the whole heart of Limulus, and then by com- 
paring these results with the known action of the same drug on the 
vertebrate heart suggest the probable mechanism of action of the 
drug in the frog and mammal. A comparison between the pharma- 
cology of the Limulus heart and the vertebrate heart is not easily 
made with our present data, because the data on the action of drugs 
on the intact frog or mammal cannot be used, owing to indirect 
effect on the heart rhythm from the action of the drug on other 
tissues. Only the data on the action of the drugs on the isolated 
heart are available for this comparison. And even these are not 
^ Carlson : Science, 1904, xx, p. 684; this journal, 1906, xi, p. 207. 
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strictly comparable to my data on the Limulus heart, because the 
rhythm of the whole heart of frog or mammal is much more com- 
plicated than that of the isolated Limulus heart, particularly in the 
mechanism of co-ordination and conduction between the different 
parts of the heart. A series of data on the action of these drugs on the 
isolated sinus venosus of vertebrates would be comparable with the 
data on the isolated Limulus heart, because in the former the factors 
of conduction and co-ordination would be to a great extent eliminated. 
Such a series of observations should be made.- 

For the comparison of the action of these drugs in Limulus and 
the vertebrates I have received much assistance from the last editions 
(1906) of the textbooks of pharmacology of Cushney and SoUmann 
in the way of reference to the literature. 

A word in the way of explanation regarding the interpretation of 
the action of the drugs on the ganglion-free part of the Limulus 
heart is perhaps in place. When the solution of a drug is applied 
to the ganglion-free anterior end of the heart, the contraction of that 
part of the heart may continue unchanged, in which case the drug 
has little or no action either on the muscle or on the motor nerves 
and nerve endings, or the beats may be weakened or strengthened. 
This change in the amplitude of the contractions may be due to the 
action of the drug either directly on the muscle or on the nerves and 
nerve endings, or on both. It is also conceivable that the influence 
of the drug on the two tissues may be in opposite directions, that is, 
stimulation of the one and depression of the other. In fact, I have 
some evidence pointing to such conditions in the case of some drugs. 
But in this report I speak, provisionally, of the influence of the drugs 
on the ganglion-free part of the heart as due to the action on the 
muscle. Experiments are in progress in this laboratory to determine 
whether it is purely or even mainly a muscular action. 

In the experiments to determine the action of a drug on a ganglion- 
free part of the heart simultaneous records were taken from the two 
ends of the heart, so as to be sure that changes in the rhythm of the 
ganglion-free part were not due to changes in the activity of the 
ganglion. 

II. The Action of Alcohol. 

1. Tie heart ganglion of LlmnluB. Elhyl alcohol has a primary stimu- 
lating action on the Limulus heart ganglion. — The heart ganglion of 
this animal is, however, not very sensitive to the action of alcohol. 
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In a solution of i c.c. of alcohol to 500 c.c. of plasma or sea water the 
primary stimulating action of the alcohol is very slight, and the 
ganglion will continue in activity in this mixture for several hours. 
One per cent alcohol in plasma or sea water produces immediate 
stimulation of the ganglion, and in greater concentrations the 
augmented rhythm becomes irregular and the stimulating phase is 
soon followed by depression and ultimate paralysis. In the weaker 
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Figure 1. — Four-sevenths the original tiie. Tracings from the anterior end of the 
Umulos heart. A, x, \ per cent alcohol in plasma applied to the isolated ganglion- 
Showing primary stimulation. B (ganglion eitirpaied from anterior end of heart), *, 
2 per cent alcohol in plasma applied to anterior end. Shoving primary stimulation 
of ganglion-free part of the heart. 

concentrations the stimulating action app>ears only in increased 
intensity of the nervous discharges, the rate remaining unaltered, but 
in the stronger concentrations the rate is also augmented. 

3. The h«att moBole of LimiUnB. Ethyl alcohol has a primary 
stimulating action on the Limitlus heart muscle. — This stimulating 
influence appears in gradually increasing amplitude of the contrac- 
tions when the ganglion-free anterior end of the heart is bathed in a 
mixture of plasma and alcohol. The rate of the rhythm can, of 
course, not be affected when the drug docs not reach the heart 
ganglion. Solutions of alcohol and plasma that are just able to 
exhibit a stimulating influence on the heart ganglion (i part 
alcohol to 500 parts plasma) do not appear to influence the heart 
muscle at all, but in greater concentrations (J per cent, i per cent, 
2 per cent) the primary stimulating action becomes evident in the 
stronger contractions. 

Ethyl alcohol has therefore the same action on the two tissues of 
the Limulus heart. The depression and ultimate paralysis caused by 
the alcohol is preceded by a primary stimulating phase both of the 
heart muscle and the heart ganglion; the only difference between the 
two tissues in their reactions to the drug is the relatively greater 
sensitiveness of the ganglion. 
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3. The vertebrate heart. — The actual primary influence of alcohol 
on the vertebrate heart has been, and is still, apparently, a matter of 
controversy. The Schmiedeberg school of pharmacologists contend 
that alcohol has no primary stimulating action on the heart. Accord- 
ing to the Schmiedeberg school, the accelerated rhythm following 
administration of alcohol in the mammal is an indirect effect of 
increased muscular activity and depression of cerebral inhibitory 
centres, and not due to any direct stimulating action on the heart 
itself. Wood and Hoyt^ (1905) have, however, recently shown that 
small amounts of alcohol augment the force of the heart beat in the 
frog, and Loeb' has shown that the same is true for the isolated 
mammalian heart. It would therefore seem that alcohol in weak 
concentrations has a slight primary stimulating action on the ver- 
tebrate heart, just as it has on the Liroulus heart. In stronger 
concentrations this stimulating phase is probably of such a brief 
duration that it may readily escape observation. There appears to 
me no good reason for holding that the stimulating action of alcohol 
. on the vertebrate heart is solely on the heart muscle. Lee and 
Salant^ have shown that small amounts of alcohol stimulate the 
skeletal muscle of the frog, and wc have seen that alcohol similarly 
stimulates the Limulus heart muscle. Waller has shown that alcohol 
causes an initial increase in excitability of nerve. Alcohol causes 
an initial augmentation of voluntary contractions in man. The 
" stimulant phase " in the action of alcohol is just as readily explained 
by a stimulation of the cerebral centres as by depression of possible 
inhibitory centres or nervous impulses. There can be no doubt that 
alcohol has a primary stimulating action on skeletal muscle. In 
the Limulus heart alcohol similarly stimulates both the muscle and the 
ganglion. And as alcohol has a similar stimulating action on the 
vertebrate heart, it seems probable that it acts both on the heart 
muscle and on the heart ganglia. 

III. The Action of Ether, Chloroform, Chloreton, 

Chloral Hydrate. 

1. T]i« heart ganglloti of Limnliia. The aiiasthetics chloroform, ether, 

chloral hydrate, and chloreton have a primary stimulating action on the 

' Wood and Hovt ; University of Pennsylvania medical bulletiD, 1905, xviii, 

p. 70. 

' LoEB, O : Archiv ftir ex peri men telle Patliologie und Pharmakolc^ie, 1905, liii 
p. 4S9. 

* Lbc aad Salant: This journal, 1902, viii, p. 6[. 
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Limulus heart ganglion. — The ultimate depression and paralysis of 
the ganglion produced by these anaesthetics is always preceded by 
stimulation. This primary stimulating action is the more intense and 
of briefer duration, the stronger the concentration of the anaesthetic- 
The stimulating action on the ganglion appears both in the rate and 
in the intensity of the nervous discharges, mainly in the latter in case 

<:IMillliliiiMiMjyillililM 

Figure 2. — About two-lhirds Ihe original size. Tracings from the interior end of Ihe 
Limulus heart. In A, C, D, the ganglion was removed from the anterior end. 
X, application of the drugs, x', the drugs replaced by plasma or sea water. A, chlo- 
roform 1-SOOO on ganglion-free end. Showing primary stimulation. B, chloreton 
1-SOOO on the isolated ganglion. Primary stimulation. C, chloreton 1-1000 or the 
heart muscle. D, chloreton 1-SOO on the heart muscle. Primary depression. 

of weak concentrations of the drugs. In relatively strong concentra- 
tions the augmented rhythm of the heart ganglion becomes irregular 
prior to the depression and final paralysis. In equal concentrations 
chloroform stimulates the ganglion much more intensely than ether. 
Chloroform also acts more strongly than chloreton, the latter occupy- 
ing a position midway between chloroform and ether. Thus i c.c. 
chloroform dissolved in 10,000 c.c. plasma usually stimulates the 
ganglion as intensely as the same amount of ether dissolved in 1000 
C.C. of the plasma. 

3. Th« h«art iiiubo1« of Llmulns. Ether, chloral hydrate, and chlore~ 
ton in concentrations that appreciably affect the keatt muscle produce 
depression with no indication of a primary stimulation. Chloroform 
tends to produce tonus contraction prior to and simultaneous with the 
depression of the beats. — The depression can, of course, be manifested 
only in the amplitude of the beats. These drugs, with the possible 
exception of chloroform, have therefore an opposite action on the 



,v Google 



184 A. y. Carlson. 

heart muscle from that on the heart ganglion. But the heart muscle 
is less sensitive to the action of these drugs than is the heart gan- 
glion, as is shown by the fact that concentrations of these drugs too 
weak to affect appreciably the muscle, except very gradually, cause a 
distinct stimulation of the ganglion. In consequence of this, the 
depressor action on the heart muscle does not obscure or counteract 
the stimulating action on the ganglion when the whole heart is sub- 
jected to the action of weak solutions of the drug. These weak 
solutions always stimulate the whole heart. 

3. The vertebrata baart. — Chloroform and ether appear to. depress 
the vertebrate heart (frog, dog) without any primary stimulation 
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FlcUllE 3. — About one-halE the original size. Tracings from the anterior end oE the 
Limulus hearl. A (piepatalion in poor condition), j, ether in plasma 1-1000 applied 
to isolated ganglion. Showing primary stimulation. B, ether in plasma 1-SOO applied 
to the ganglion-free anterior end. x', the anaesthetic replaced by sea wal«r. Showing 
primary depression. 

similar to that on the Limulus heart ganglion. Hedbom ' found that 
chloral hydrate has a primary stimulating action on the isolated mam- 
malian heart, and according to Harnack and Bohme^ chloral hydrate 
acts as a primary stimulant to the frog's heart. According to some 
investigators, however, chloroform and ether have a primary stimu- 
lating action on other tissues. Waller found that these anaesthetics 
increased the excitability of motor nerves. There is some evidence 
that chloroform stimulates the vaso-constrictor centres. It is also 
said to constrict the coronary vessels. The "excitement" stage in 
chloroform and ether anassthesia may be due to a primary stimulating 
action of the drugs on the central nervous system. Pickering ^ found 
that chloroform and ether stimulate the embryonic heart (chick). 
The stimulating action is particularly marked with ether. In the case 
of chloroform Pickering concludes that it has a depressant action, 
but in the experiment he cites the heart rate is increased from 120 to 
140 per minute, while the rhythm is at the same time rendered irreg- 

' Hedbom : Skandinavisches Archiv fiir Physiologic, 1899, ix, p. 22. 

' See ROHDR : Archiv fiir experimentelle Pathologic und Pharraakologie, 1905, 
liv, p. 104. 

' Pickering r Jouma! of physiology, 1893, xiv, p. 444. 
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ular. We have seen that these anaesthetics have an opposite action, 
on the Limulus heart muscle from that on the Limulus heart gan- 
glion. It is possible that in the case of the vertebrate heart the 
depressor action on the muscle obscures or overbalances any slight 
stimulating action on the heart ganglion. 



IV. The Action of Strychnia, 

1. The heart gangUon of Iiimolns. Solutions of strychnia sulphate in 
plasma or sea tvater act as primary stimulants to the heart ganglion. — 
In relatively strong concentrations the stimulating phase is followed 
by irregularity in the rhythm, depression, and ultimately paralysis of 
the ganglion. Distinct stimulation of the ganglion is produced by 
strychnia in dilutions of i part of the drug to 5000 parts of plasrpa. 
At this dilution the stimulation appears only in the increased in- 
tensity of the nervous discharges, the rate of the nervous discharges 
remaining unaltered. In concentrations of i to 4000 or i to 2000 
the rate of the ganglionic activity is also augmented. The stimu- 
lating action of strychnia on the heart ganglion is counteracted by 
calcium chloride. 

3, The liaart mnaole of Limulus, Strychnia has no distinct effect on 
the heart mitscle of Limulus, except a gradual depression when applied 
in strong concentrations. — In strength of i part of the drug to 
4000 or 5000 parts of plasma, no specific effect on the muscle could 
be detected ; in concentrations of i part to 300 or 400 there appeared 
to be a gradual depression. In no case did I observe a primary 
stimulating action of strychnia on the heart muscle, and we are there- 
fore forced to the conclusion that this drug has primarily an opposite 
action on the two tissues composing the Limulus heart, namely, a 
strong stimulating action on the ganglion, and only a slight action 
on the muscle (or nerve endings) in the direction of depression of 
excitability and contractility. 

3. Tlie vartebiata heart. — The literature on the action of strychnia 
on the vertebrate heart is very conflicting. It seems probable that 
the changes in the heart rhythm following the administration of small 
doses of strychnia in the intact mammal are not due to a direct 
action of the drug on the heart. Pickering ^ found that strychnia has 
a primary stimulating action on the embryonic heart. Hedbom* has 

' Pickering : Journal of physiology, 1893, xiv, p. 457. 

' Hedbom : Skandinavisches Archiv fiir Physiologic, 1899, ix, p. 4J. 
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shown that in relatively strong doses strychnia augments the rhythm 
of the isolated mammalian heart. Igerscheimer ' concludes, however, 
that strychnia depresses the isolated heart of both frog and mammal 
without primary stimulation. We are justified in concluding that 
at least in certain conditions of the heart strychnia has primarily the 
same action on the vertebrate heart as on the Limutus heart, namely, 
stimulation followed by depression and paralysis. In the case of 
Limulus the stimulating action is confined to the heart ganglion. In 
the subsequent depression and paralysis the direct action of the drug 
on the heart muscle is probably a factor. The fact that strychnia 
stimulates nerve centres, but has scarcely any action on the skeletal 
muscles in vertebrates is an additional evidence that the stimulating 
action of the drug on the vertebrate heart is similarly due to its 
action on the motor heart ganglia. 



V, The Action of Caffein, 

1. Tbe h«BTt KBngUon of Umuliu. Solutions of caffein in plasma or 
sea water stimulate the Limulus heart ganglion. — The stimulating 
action of caffein on the ganglion appears in dilutions represented by 
I part of the drug to 5000 or 10,000 parts of plasma. At this dilu- 
tion the rate of the ganglionic rhythm remains unchanged, but the 
Intensity of the nervous discharges from the ganglion is augmented. 
In greater concentrations the rate of the ganglionic rhythm is also 
increased. In concentrations represented by i part of the drug to 
200 or 500 parts of plasma the augmented rhythm of the ganglion 
soon becomes irregular, and this is followed by depression and paraly- 
sis. The stimulating action of caffein on the Limulus heart ganglion 
is counteracted by calcium chloride. 

2. The bsart muaole of LimnluH. Tfie Limulus heart muscle is less 
sensitive to the action of caffein than the heart ganglion, bnt the pri- 
mary action of the drug is the same on both tissues, i. e., stimulation. — 
Solutions of the drug represented by i part to 5000 parts of plasma 
have no appreciable effect on the heart muscle, although even at this 
dilution the drug is able to stimulate the ganglion. Stronger solu- 
tions {i to SCO, I to 1000) of caffein strengthen the contractions 
when applied to the ganglion-free anterior end of the heart. 

3. ThB vvrteltrate li«art. — The literature is practically unanimous 

' Igerscheimer : Archiv fiir experimenlclle Pathologic und Pharmakologie, 
1906, liv, p. 73. 
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in ascribing to caffein a primary stimulating action on the vertebrate 
heart. This is true for the isolated mammalian heart (Hedbom), for 
the embryonic heart of the chick (Pickering), as well as for the heart 
of cold-blooded vertebrates. But as caffein has a primary stimulating 
action both on the central nervous system and on the skeletal mus- 
cles in the vertebrates, and the same action, differing only in degree 
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FictritE 4. — Aboot one-half the original size. Record from the anterior end of the IJiu- 
ulua heart. The ganglion extirpated in first two segments, the lateral nerves being 
left intact, x, application of the cirug to the ganglion-free anterior end. j', applica- 
tion of the drug to posterior end of the heart containing the ganglion. A, nicotin 
alkaloid in plasma 1-500,000. B. alropin sulphate in sea water 1-WOO. C, strychnia 
sulphate in plasma 1-2000. D, veralrin in plasma 1-800,000. E, Caffein in plasma 
1-2000. F, curare in plasma 1-1000. Showing primary stimulation of the ganglia 
by these drugs, and greater sensitiveness of the ganglion than the ganglion-free part 
of the heart. 

on the heart muscle and the heart ganglion of Limulus, it would seem 
probable that this drug has primarily the same action on the two 
tissues of the vetebrate heart. Whether the nervous tissue in the 
vertebrate heart exhibit greater sensitiveness to caffein than does the 
heart muscle must be determined by another line of investigation. 

VI. The Action of Curare. 
1. Tbo heart gaUBUan of Llmultia. Curare has a primary stimulating 
action on the Limuliis heart ganglion. — The weakest concentration 
of the drug (l to io,ooo) that affects the ganglion at ail does not alter 
the rate of the rhythm, but it augments the intensity of the nervous 
discharges. In concentrations of i to looo or t to 500 the rate is 
also augmented, and the rhythm is also liable to become irregular. 
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Greater concentrations of the drug always produce irregularity of 
the rhythm simultaneously with the augmentation. No strength of 
the drug was found that would paralyze the ganglion without the 
primary stimulating phase. The stimulating action of curare on the 
heart ganglion is counteracted by calcium chloride. 

2. The heart mnaole of IJniiUiia. Solutions of curare do not seem to 
have any appreciable effect on the Limulus heart muscle. — Solutions 
of this drug in plasma or sea water in concentrations up to i to 500 
have no effect whatever on the muscle. We have seen that these 
strengths of curare have a strong stimulating action on the heart 
ganglion. When curare in strengths of | to i per cent is ap- 
plied to the heart muscle, the amplitude of the contractions is 
gradually diminished. It would therefore seem that so far as curare 
has any action at all on the heart muscle and the motor nerves and 
nerve endings in the muscle, this action is the opposite to that on the 
heart ganglion, or in the direction of depression. I have made 
numerous observations on the action of curare on the molluscan and 
the crustacean heart. Curare, when of sufficient strength to affect 
the heart at all, has a primary stimulating action on the heart of 
these animals, just as when the drug is applied to the ganglion on 
the Limulus heart. Inasmuch as the drug has practically no action, 
or only a depressor one, on the Limulus heart muscle, it would seem 
probable that the stimulating action of this drug on the molluscan and 
crustacean heart is also due to the action on the motor heart ganglia. 

3. The ▼art«brat« heart. — The vertebrate heart appears to be 
relatively resistant to the action of curare. According to Boehm and 
Tiliic ' curare has the same action on the vertebrate heart as strych- 
nia and digitalis, that is, primary stimulation. It is well known that 
curare acts like strychnia on the central nervous system, and that it 
depresses skeletal muscle without primary stimulation. It is prob- 
able that experiments on the isolated mammalian heart would reveal 
the same primary stimulating action of curare as has been described 
for the Limulus heart ganglion. 



VII. The Action of Nicotin. 

1. The Llmuliw heart ganglion. Solutions of nicotin in plasma or sea 
water have a primary stimulating action on the Limulus heart ganglion. 

' Cited from Habak and Chodounsky : Centralblatt Tiir Physiologic, 1904, 
xviii, p. 282. 
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In the stronger solutions the primary stimulating action is quickly fol- 
lowed by irregularity in the rhythm, depression, and ultimate paralysis. — 
The ganglion is very sensitive to this drug. The stimulating action 
is obtained from the pure alkaloid in dilution of i to 1,000,000, or 
even i to 10,000,000. The salts of nicotin act less intensely. At 




Figure 5. — A lo D, tracings fiom (he anterior end of the Umulus heart, ganglion 
isolated postenorly. z, application of the drugs to the isolated ganglion. A, nico- 
tin 1-5,000,000. Stimulation. B. aconitin l-SOD.OOO. Stimulation. C, pilocarpin 
1-1000. Stimulation. D, ergot 1-10,000. Depression. E, ganglion-free part oE the 
heart, x, digitalin 1-500 applied to heart muscle. Tonus ci 



these dilutions the only evidence of stimulation is the augmented 
intensity of the nervous discharges, the rate of the ganglionic rhythm 
remaining the same. In stronger solutions the rate of the rhythm is 
also augmented. In fact, the rate may be augmented, while the in- 
tensity is at the same time decreased. When solutions of the strength 
of I part of the drug to 50,000 or 100,000 parts of plasma are 
applied to the ganglion, the heart muscle is sent into a condition 
of incomplete tetanus or tonus, which is quickly followed by paralysis 
of the ganglion. An increase in the tonus of the muscle is apparent, 
even when nicotin in weaker solutions is applied to the ganglion. 
In concentrations of i to 4000 the heart ganglion is paralyzed within 
two minutes, after an intense stimulation, as shown by the incom- 
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plete tetanus and tonus of the muscle. The paralysis of the gan- 
glion is followed by complete tonus relaxation of the heart muscle. 
The stimulating action of nicotin, except in the stronger concen- 
trations, is counteracted by calcium chloride. 

2. The UmuluB beart musole. Nicotin in dilute solutions has no 
appreciable effect on the Limulus heart muscle. In strong concentra- 
tions it depresses the ganglion-free part of the heart without ptimary 
stimulation. — Distinct depressor effects on the muscle usually be- 
gin in concentrations of I to 50,000 or I to 25,000; this is in the 
cas^of using the pure alkaloid. If salts of nicotin are used, much 
greater concentrations are required to produce the depressor effects 
on the muscle. Solutions of the alkaloid of the strength of i to 5000 
or I to 1000 may also produce some tonus in the muscle. 

The conclusion seems therefore justified that nicotin has opposite 
actions on the two tissues of the Limulus heart. Solutions of the 
drug too weak to affect the ganglion-free part of the heart have a 
powerful stimulating action on the ganglion. Every strength of 
nicotin that afTects the ganglion at all produces a primary stimula- 
tion, while the concentration of the drug that acts on the muscle 
depresses its contractility and excitability. No distinct stimulating 
action on the heart muscle was obtained from nicotin in any 
strength. 

3. The vertobrat« heart. — All observers seem to agree that nicotin 
has a primary stimulating action on the vertebrate heart, although 
this direct action on the heart is in the intact animal ordinarily 
obscured by the intense stimulating action of the drug on the 
central nervous system and peripheral ganglia, which in turn affect 
the heart rhythm indirectly. But as nicotin primarily augments 
the rhythm of the frog's heart, the embryonic heart (Pickering), 
and the isolated mammalian heart, it is obvious that this drug has a 
primary stimulating action on the automatic tissue of the vertebrate 
heart similar to that on the Limulus heart ganglion. In fact, the 
action of nicotin on the entire Limulus heart and on the vertebrate 
heart appears to be identical. We have the same primary augmen- 
tation, followed by irregularity, inco-ordi nation, depression, and final 
paralysis in case of the stronger concentrations or on long-continued 
action of the weak concentrations of the drug. In the Limulus 
heart this stimulation is due solely to the action of the drug on the 
ganglion, the heart muscle not being afTecled by the weaker concen- 
trations. The depressor action of stronger concentrations of the 
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drug may in part be due to the influence of the drug on the heart 
muscle. That the mechanism of action of nicotin on the vertebrate 
heart is the same as in the Limulus heart is indicated not only by 
this analogy, but also by the reactions of other vertebrate tissues 
to nicotin. Nicotin has a primary stimulating action on the central 
nervous system and apparently on all peripheral ganglia, while it has 
a depressor action on skeletal and smooth muscle. Nicotin also 
depresses nerves and nerve endings, usually without any primary 
stimulation. In the absence of direct evidence positive statements 
cannot be made, but these facts, together with the results in the 
Limulus heart, make it probable that nicotin does not stimulate the 
vertebrate heart muscle, but that the primary stimulating action of 
this drug is due to its influence on the motor ganglia in the heart, 
just as I have shown to be the case in Limulus. 

Nicotin stimulates the molluscan and the crustacean heart very 
much the same as the Limulus and the vertebrate heart. This drug 
is therefore without exception a primary heart stimulant throughout 
the animal kingdom. There is no good reason for supposing that 
nicotin affects the heart muscle of molluscs and crustaceans differ- 
ently from that of Limulus. Local ganglia have been described 
in the heart of most of these invertebrates, and it is therefore highly 
probable that the stimulating phase of nicotin on these hearts is due 
to the action of the drug on these ganglia. 

VIII. The Action of Atropin, 

1, Tbe Umnlus heart gaoglioa. Atropin sulphate in plasma or sea 
water has a primary stimulating action on the heart ganglion of 
Limulus. — This is uniformly true of every strength of the drug that 
affects the ganglion at all. Solutions of i to 4000 or 5000 augment 
the intensity of the nervous discharges only, leaving the rate of the 
ganglionic rhythm unchanged. Stronger solutions also augment the 
rate of the nervous discharges. In concentrations of i to 200 or 300 
the primary stimulation approaches incomplete tetanus for a brief 
period ; this is followed by irregularity of the rhythm, depression, and 
final paralysis. But in weaker strengths the atropin may act on the 
ganglion for a long period before irregularity and depression set 
in. The stimulating action of this drug on the heart ganglion is 
counteracted by calcium chloride. 

2. Tho heart mnaole of Limnlos, Atropin in weak concentrations has 
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no distinct effect on the Limulus heart muscle. In strong concentrations 
the drug diminishes the amplitude of the contractions without any 
primary stimulation. — When atropin in dilute solutions (i to 4000 
or 5000} is applied to the whole heart, the stimulating action on the 
ganglion is not marked by a simultaneous depressor action on the 
muscle, for at this dilution atropin does not seem to act on the muscle. 
In no concentrations of this drug did I obtain a primary stimulating 




Figure 6. — About one-half the original size. Tracings from the fifth segment of Che 
iniact Limulus heart. A, j, application of nitiotin 1-1,000,000 to the heart, x', the 
nicotin solution replaced by plasma. Showing primary stimulation and irregularity 
of rhythm by nicotin. B, x, application of digitalin 1-20,000 to the heart. Showing 
primary stimulation, 

action on the heart muscle. The depressor action of the stronger 
solution (i to 100 or 1 to 200) on the ganglion-free part of the heart 
is in all probability due in part to depression of the motor nerves and 
nerve endings. 

3. Tile vertebrate heart. — The literature is not unanimous on the 
question of the primary action of atropin on the vertebrate heart. 
The depressor action of this drug on nerve endings to gland cells and 
smooth muscle (also skeletal muscle, frog) in the vertebrates is so 
much more striking than the primary stimulating action of the drug 
on peripheral ganglia that many observers deny the latter. There is 
no question but that atropin has a primary stimulating action on the 
central nervous system. A primary stimulating action of atropin on 
peripheral ganglia is indicated by the primary augmentation of in- 
testinal peristalsis following the administration of small quantities of 
the drug, Atropin will accelerate the rhythm of the heart in the 
intact mammal, but this apparent stimulation is usually interpreted 
as due to the paralysis of the vagi nerve endings in the heart, 
Hedbom ' has shown, however, that atropin in certain concentrations 
has a primary stimulating action on the isolated mammalian heart. 

1 Hedbom : Skandinavisches Archiv fiir Physiologic, 1898, viii, p. 185. 
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In Hedbom's experiments the augmentation of the rhythm could not 
have been due to vagus paralysis. There is also evidence in the 
literature that atropin has a slight primary stimulating action on the 
isolated frog's heart. It would therefore seem that atropin has a 
direct stimulating action on the vertebrate heart, just as it has on the 
Limulus heart. What is the evidence that this stimulating action in 
the case of the vertebrate heart is due to the action of the heart 
ganglia rather than to the muscle? The evidence from my result in 
Limulus need not be restated, and this is strengthened by the fact 
that atropin has hardly any action on skeletal and smooth muscle 
in the vertebrates. Strong concentrations depress the excitability 
and contractility of the muscle, apparently without any primary 
stimulation, just as we have seen to be the case in the Limulus heart 
muscle. This fact coupled with the undoubted primary stimulating 
action of the drug on the central nervous system and on at least some 
peripheral ganglia renders it probable that the mechanism of the 
direct stimulating action of atropin on the vertebrate heart is through 
the motor heart ganglia and not through the heart muscle. In the 
paralyzing phase of the atropin action undoubtedly the motor ganglia, 
the motor nerve endings, and the heart muscle play a part. 

Atropin, nicotin, and curare paralyze the vagi in the vertebrate 
heart. I have shown in a previous paper that these drugs have a 
similar depressor or paralyzing action on the inhibitory nerves to the 
Limulus heart, but in order to produce this paralysis of the inhibitory 
nerve these drugs must act on the heart ganglion.' If allowed to 
come in contact with the heart muscle and motor nerves only, they 
have no effect on the inhibitory nerves. This shows that in the 
Limulus heart the point of paralysis of the inhibitory fibres by these 
drugs is somewhere in the ganglion. The inhibitory nerves are 
paralyzed by these drugs acting on the heart ganglion long before 
the ganglion itself is paralyzed, just as the vagi are paralyzed by the 
action of these alkaloids on the vertebrate heaft long before the 
drugs exert this depressor action on the automatic tissue. 



IX. The Action of Cocaine. 

1. na Umiiliia bsart ganglion. Solitlions of cocaine hydrocklorate 

in plasma or sea water have a primary stimulating action on the 

Limulus heart ganglion. — This salt of cocaine is only very slightly 

' Carlson : This journal, 1905, xiii, p. at;. 
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soluble in Limulus plasma or sea water, but the primary stimulating- 
action of this drug on the heart ganglion is obtained with iS to g^ of 
the saturated solution. In concentrations represented by the sat- 
urated solution the augmented rhythm soon becomes irregular* 
and the stimulating phase is followed by depression and ultimate 
paralysis. 

2. Th« hvort moBcl* of Llmulaa. Concentrations of cocaine hydro- 
chlorate in plasma or sea water up to saturation have no distinct effect 
on the Limulus heart muscle either in the direction of stimulation or 
depression. — No distinct evidence of primary stimulation of the 
muscle was ever obtained when a saturated solution of the drug ii» 
plasma was allowed to act on the ganglion-free part of the heart for 
a long period. A gradual diminution in the amplitude of the con- 
tractions of that part of the heart was usually observed, but this 
effect was so gradual that it could scarcely be distinguished from the 
ordinary gradual decline in the cardiac rhythm under the experi- 
mental conditions. 

When solutions of cocaine in plasma are applied to the whole hearty 
the rhythm is augmented in just the same manner as when the sam& 
solutions are applied to the isolated ganglion. It is evident from the 
above results that this stimulation is due solely to action of the drug 
on the ganglion. 

3, The Tertobrats heart. — Physiologists are not agreed as to the 
direct effect on the heart rhythm of cocaine. Primary augmentation 
of the rhythm has been described both in the frog and mammal.^ In 
the mammal this augmentation is probably in part due to depression- 
of the vagus centres and to stimulation of the augmentor centres in 
the medulla. In the isolated mammalian heart Hedbom" usually 
obtained depression of the rhythm by cocaine, not preceded by 
stimulation, while in a few cases indications of a primary stimulation 
were recorded. 

There is, there/ore, some indication that cocaine has a primary 
stimulating action on the vertebrate heart similar to that on the 
Limulus heart ganglion. This is further indicated by the primary 
stimulating action of this drug on the central nervous system and 
peripheral ganglia (Auerbach's plexus). Cocaine has a depressor 
effect on skeletal muscle similar to that on sensory nerves and nerve 

' Mosso: Archiv fiir enperimen telle Pathologic und Pharniakologie, iSSj.xxiiif 
p. 153; Anrep: Archiv fiir die Kesa.mmte Physiologie, 1880, xxl, p. 28. 
* Hedbom: Skandinavisches Archiv fiir Physiologie, 1899, ix, p. 61. 



„ Google 



Point of Action of Drugs on the Heart. 1 95 

endings. According to some investigators, however, tlie depression 
is preceded by a stimulating phase. It is obvious that more work 
is required on the nature of the action of cocaine on the heart and on 
curarized muscle in the vertebrates before valid comparisons can be 
made with the mechanism of cocaine action on the heart of Limulus. 



X. The Action of Pilocarpin, 

1. Tli« Llmnlua beut ganglion. Solutions of pilocarpin hydrochlorate 
in plasma or sea water have a primary stimulating action on the Limu- 
lus heart ganglion. — In weak strengths (i to lO.OOO) the stimulation 
appears only in the augmented intensity of the nervous discharges, the 
rale of the ganglionic rhythm remaining the same, but in the stronger 
solutions (I to 500, I to looo) the rate may be augmented to a point 
approaching incomplete tetanus. This degree of stimulation of the 
ganglion is always accompanied by increased tonus of the muscle. 
The stronger solutions of the drug usually produce some irregularity 
of the ganglionic rhythm, and this is followed by depression of the 
rhythm particularly in the intensity of the nervous discharges. 

The stimulating action of pilocarpin on the heart ganglion is coun- 
teracted by calcium chloride. 

2. Tho Llmoliu heart mosol*. — Solutions of pilocarpin in sea water 
or plasma appear to have ho distinct effect on the ganglion-free part of 
the Limulus heart. — This is true for concentrations up to \ per cent. 
Greater concentrations were not tried. The strength of the drug 
that causes great primary stimulation when applied to the heart gan- 
glion produces no effect, either in the line of stimulation or depression, 
when applied*to the ganglion-free part of the heart When these 
solutions are applied to the whole heart, the same efTect is obtained as 
by bathing the ganglion in the solution. And since pilocarpin has 
practically no action of the heart muscle, it is evident that the effects 
produced by the drug action both on the heart muscle and on the 
heart ganglion at the same time are due solely to the action of the 
drug on the ganglion. 

3. The vartobrate heart. — The most Striking action of pilocarpin in 
the vertebrates is the stimulation of the endings of secretory nerves 
in glands and of the nerve endings in smooth muscle. Pilocarpin 
also stimulates peripheral ganglia (Auerbach's plexus) as well as the 
central nervous system. Nothing appears to be definitely established 
touching the primary action of this drug on skeletal muscle and 
smooth muscle. 
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The literature is conflicting touching the primary action of pilo- 
carpin on the heart According to Pickering,* pilocarpin has a pri- 
mary stimulating action on the embryonic heart (chick). In the case 
of the isolated mammalian heart Hedbom * sometimes observed a 
primary stimulation of the rhythm following the administration of 
pilocarpin. This stimulating phase is followed by depression, which 
may in turn give way to a second phase of stimulation. In some 
preparations no perceptible augmentation preceded the depressor 
stage. The usual account of the primary action of pilocarpin on the 
intact heart of frog and mammal is that the drug causes a pri- 
mary depression of rhythm. This depression is usually ascribed to 
the stimulation of inhibitory ganglia and nerve endings in the heart, 
as it is counteracted by atropin. These conflicting results are prob- 
ably to be accounted for by the simultaneous stimulation of both 
inhibitory and motor nervous mechanism in the vertebrate heart, the 
inhibitory being usually, the more powerful in the beginning and 
obscuring the effect of the simultaneous stimulation of the motor 
ganglia or plexus. This would be analogous to the simultaneous 
stimulation of the inhibitory and augmentor fibres in the vagi, in 
which case the inhibitory effects entirely obscure the action of the 
augmentor nerves in the beginning. In the hearts where pilocarpin 
causes augmentation prior to the depression the motor nervous 
mechanism is probably for some reason the more excitable and 
powerful. The uniform stimulating action of the alkaloid on the em- 
bryonic heart may be due to a later development of the inhibitory 
nervous mechanism as compared to the motor.^ The Limulus heart 
ganglion contains inhibitory nerves and nerve endings, but it may not 
contain any inhibitory ganglion cells. At any rate, the stimulation of 
the motor cells by the drug completely obscures possible simultane- 
ous stimulation of the inhibitory nervous mechanism. 

XI, The Action of Physostigmin. 
1. Tha haart ganglion of Iiimnlna. Solutions of physostigmin in 
plasma or sea water have a primary stimulating action on the Liiniiliis 
heart ganglion. — This alkaloid is not a very strong stimulant to the 
ganglion, however. In dilutions of i to 5000 it has no appreciable 
effect. In concentrations of r to 2000 and stronger the alkaloid in- 

• Pickering : Journal of physiology, 1893, xiv, p. 461. 

» Hedbom: Skandinavisches Archiv ftir Physiologic, 1899, ii, p. 56. 

• Carlson : This journal, 1905, xiv, p. 52. 
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variably stimulates the ganglion without any indication of a primary 
depression. Irregularity and depression of the ganglionic rhythm 
follow the stimulating phase when strong solutions are employed. 
The weaker solutions augment only the intensity of the nervous dis- 
charges from the ganglion, the rate remaining unchanged. 

2. The heart muscle of Llmulua. Solutions of physostigmin in 
plasma or sea water in concentrations up to I to 500 have no appreciable 
effect en the ganglion-free part of the heart, either in the direction of 
depression or stimulation. — Stronger solutions were not tried, mainly 
because of lack of time and animals. Whatever be the effect of this 
alkaloid on the muscle in strong doses, it is obvious that the heart 
ganglion is more sensitive to the drug, and that the reaction of the 
whole heart to the moderately strong (up to i to 500) solutions of 
the drug is due to the action of the drug on the ganglion. 

a The vertebrate heait. — In the last edition (1906) of his text- 
book Cushney states that " the action of physostigmin on the verte- 
brate heart requires further investigation," a statement that any one 
who has had occasion to consult the literature on the subject will 
readily assent to. It is well established that physostigmin has a pri- 
mary stimulating aciion on the central nervous system, peripheral 
ganglia (Auerbach's plexus),' and nerve endings in skeletal muscle, 
smooth muscle, and glands. There is some evidence that this drug 
has a primary stimulating aciion on muscle, although the evidence is 
not conclusive. 

Application of physostigmin to the frog's heart causes slowing and 
strengthening of the beats, according to most observers. This is fol- 
lowed by paralysis. The strengthening of the beah is usually inter- 
preted as due to a direct stimulating action of the drug on the 
automatic heart tissue. Primary augmentation as well as primary 
depression of the heart rhythm has been observed to follow the 
administration of physostigmin in the intact mammal, and the same 
results were obtained by Hedbom on the isolated mammalian heart. 
In most of IJedbom's experiments the effects of the drug were a pri- 
mary slowing and an increase in the strength of the beats. 

It does not seem probable that a drug having a primary stimu- 
lating action on perhaps all the tissues should have a primary de- 
pressant action on the heart of vertebrates. The primary slowing of 
the heart caused by the administration of this drug is therefore in all 
probability due to the stimulation of an inhibitory nervous mechanism 

' Magnus : Archiv fiir die gesammte Physiologic, 190S, cviii, p. 28. 
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in the heart. It seems also reasonable to suppose that the local 
motor nervous mechanism is at the same time stimulated, but that 
the effects of this stimulation are usually marked by the more power- 
ful influence of inhibitory mechanism. In some conditions of the 
heart the former may be more powerful than the latter, and we have 
in consequence a primary augmentation of the rhythm, as recorded 
in some of Hedbom's experiments. This interpretation brings the 
action of physostigmtm on the vertebrate heart in complete accord 
with its action on the Ltmulus heart, the only difference being that 
in the Limulus heart the motor nervous mechanism is invariably 
more powerful than the inhibitory. 

Physostigmin acts more powerfully on the Limulus heart ganglion 
than on the heart muscle, and in the vertebrates the drug certainly 
acts more powerfully on the nervous tissues than on muscle, even 
granted that in therapeutic doses it acts on the muscle at all. These 
facts make it probable that the primary action of physostigmin on 
the vertebrate heart is also due solely to its action on the local nerve 
centres. 

XII. The Action of Aconitin, 

1. The heRTt gangliou of Limulus. Aconitin alkaloid in plasma or 
sea water has an intense stimulating action on the Limulus heart 
ganglion. — This primary stimulation appears even with dilutions 
of I to 1,000,000. At this dilution the stimulating action appears 
mainly in the augmented intensity of the nervous discharges, the 
rate remaining the same or being only slightly accelerated. In 
strengths of I to 500,000 the ganglion is thrown into incomplete 
tetanus, and the tonus of the muscle is increased. The augmented 
ganglionic rhythm soon becomes irregular and depression and 
ultimate paralysis follow within a few minutes. The paralyzed gan- 
glion may be revived by replacing it in sea water or plasma, pro- 
vided it is removed from the solution containing the drug as soon as 
complete paralysis sets in. 

The stimulating action of the weaker solutions of aconitin on the 
ganglion is counteracted by calcium chloride. 

2. The heart maaole of Umttlne. Solutions of aconitin in plasma or 
sea water in concentrations up to 1 in 100,000 have no appreciable effect 
on the Limulus heart muscle. — Stronger solutions (i to 50,000) 
appear to gradually depress the strength of the contractions of the 
ganglion-free part of the heart. No indications of a primary stimu- 
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lation of the heart muscle or the motor nerve and nerve endings 
were ever obtained. But my experiments with the effects of the 
strong solutions on the ganglion-free part of the heart were not 
extensive, because after I had found that the concentrations of the 
drug that were sufficient to stimulate the ganglion to the point of 
paralysis within a few minutes had no effect on the heart muscle, it 
was obvious that the heart action of the alkaloid in " therapeutic " 
doses is solely due to its action on the ganglion. 

3. The TwtabTBte &«art. — In the vertebrates aconitin acts pri- 
marily on the nervous system. Its primary action is stimulation 
followed by depression and paralysis, and this is true both for the 
central nervous system, peripheral ganglia {Auerbach's plexus), sen- 
sory, secretory, or motor nerve endings. As far as I can learn from 
the literature, this alkaloid has little or no action on skeletal or 
smooth muscle, at least in the concentrations that act strongly on 
the above nervous structure. 

The literature is unanimous that aconitin has a primary stimu- 
lating action on the vertebrate heart, frog as well as mammal; the 
stimulating phase is followed by irregularity, depression, and final 
paralysis of the heart. In other words, the action of aconitin on 
the vertebrate heart is identical with the action of aconitin on the 
.Limulus heart ganglion. And since this alkaloid has practically no 
action on the Limulus heart muscle in dilute solution, nor on skeletal 
or smooth muscle in vertebrates, but acts primarily as a stimulant on 
nerve centres and nerve endings, in the vertebrates, it seems reason- 
able to conclude that the stimulating action of the drug on the verte- 
brate heart is similarly due to its action on the motor ganglia in the 
heart and not to any stimulating action directly on the heart muscle. 

XIII. The Action of Veratrin. 

1. Ih« Llmnlna beart gaaKllon. Solutions of veraltin in plasma or 
sea water have a primary stimulating action on the Limulus heart 
ganglion. — Veratrin proved to have even a more intense action on the 
heart ganglion than aconitin, as its stimulating action is very intense, 
even at dilutions of i to 10,000,000. At strengths of 1 to 500,000 or 
I to 100,000 the stimulation approaches incomplete tetanus, the 
rhythm at the same time becoming irregular. In these strong solu- 
tions depression and paralysis of the ganglion supervenes within two 
or three minutes. If, following complete paralysis, the ganglion is 
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quickly transferred to plasma or sea water, the autornaticity may be 
restored. In two preparations that were in poor condition vcratrin 
solution of the strength of i to 500,000 paralyzed the ganglia instan- 
taneously without any indication of a primary stimulation. 

The stimulating action of veratrin on the heart ganglion is counter- 
acted by calcium chloride. 

2. nie lia*rt maaole of I^mulaa. Solutions of veratrin of the 
strength of i to ^ or to million appear to have no effect on tite ganglion- 
free part of the heart. — Concentrations between i to 1,000,000 and I 
to 100,000 diminish the contractions without any indication of a 
primary stimulation, while the still stronger solutions cause tonus 
contractions of the heart muscle. The depression of the contractions 
without primary stimulation by the medium-strength solutions is 
probably due to depression of the motor nerves or nerve endings, 
while the very strong solutions cause tonus contractions by direct 
action on the heart muscle. Further work will be done to decide 
this point. The moderately strong solutions of the alkaloid applied 
to the ganglion also cause increased tonus of the heart muscle 
accompanied by augmented ganglionic rhythm, but this tonus sub- 
sides as depression and paralysis of the ganglion supervene. Follow- 
ing Kolliker, veratrin is usually designated as a " muscle poison." In 
the Limulus heart it -certainly acts more strongly on the ganglion, 
than on the muscle. 

3. The vartebrate haart. — Veratrin stimulates the central nervous 
system and peripheral ganglia (Auerbach's plexus), but motor nerves 
and nerve endings arc paralyzed without any primary stimulation. 
The alkaloid also stimulates sensory nerve endings and primarily 
increases the excitability and contractility of skeletal muscle. The 
action of veratrin on the vertebrate heart is more difficult to interpret. 
In the case of the isolated mammahan heart Hedbom obtained some- 
times a primary augmentation of the rhythm followed by slowing and 
irregularity of the beats; at other times the primary action was a 
slowing of the rhythm followed by augmentation, irregularity, depres- 
sion, and final paralysis. This is also the usual action on the frog 
heart. The explanation of these phenomena is in all probability the 
same as that suggested in the case of physostigmin. Veratrin stim- 
ulates both motor and inhibitory nervous mechanism in the heart, 
the acceleration of the rate being due to the stimulation of the 
former, the slowing of the rate to the stimulation of the latter. On 
simultaneous stimulation the inhibitory effects usually overshadow 
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the motor in the beginning, but the reverse may also take place. 
The increase in the strength of the beats may be due cither to the 
action on the heart muscle directly or to action on motor ganglia. 
The only difference between the action of veratrin on the vertebrate 
heart and the Limulus heart appears to be this, that in the latter the 
local inhibitory mechanism is less developed, in consequence of which 
only the augmentive action becomes apparent. Veratrin does not 
lengthen the contraction time of the Limulus heart muscle to any 
appreciable extent in the manner exhibited by the frog's ventricle. 
When the concentration of the alkaloid is strong enough to act on 
the heart muscle, it produces tonus contraction, on which the funda- 
mental beat may be superimposed for a minute or so, but this 
strength of the drug suppresses the normal contraction so rapidly, 
evidently by paralyzing the motor nerves, that comparison cannot 
here be made with the frog or the mammalian heart. It is true, how- 
ever, that the Limulus heart muscle contracts and relaxes much 
slower than normally, when in condition of veratrin tonus. 

XIV. The Action of Saponin. 

1. The Limuln* hoBrt ganglioii. Solutions of saponin in plasma or 
sea water have a primary depressant action on the Limulus heart 
ganglion. — In weak concentrations (i to 200,000, i to 500,000) the 
primary depression of the ganglion appears only in the diminished 
intensity of the nervous discharges, the rate remaining the same. 
On continued action of saponin solutions the ganglionic rhythm soon 
becomes irregular, and in some stages of this phase the rate of the 
nervous discharges may be slightly greater than the normal. The 
intensity of the nervous discharges continues weaker than the normal 
until paralysis sets in. In no case did I obtain a distinct primary 
augmentation of the ganglionic rhythm with any strength of saponin. 
We may therefore conclude that saponin depresses the heart ganglion 
without primary stimulation. The depression of the intensity of the 
nervous discharges is in most cases uniform, but the rate of the nervous 
discharges from the ganglion may be momentarily augmented. 

2. Tha Llmiilna tLeait masola. Solutions of saponin in plasma or 
sea water depress the heart muscle without any primary stimulation. — 
The action of this alkaloid on the ganglion-free part of the heart 
is therefore the same as on the heart ganglion, the only ditference 
being that the ganglion is much more sensitve to the action of 
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saponin than is the heart muscle. Concentrations of i to 200,000 or 
I to 500,000 appear to have no effect on the heart muscle. But 
decided depressor action is obtained with 1*1;, \, or i per cent 
strength. 

3. The vertabrate heart. — Saponin appears to depress and par- 
alyze all tissues in the vertebrates without any primary stimula- 




FICURK 7. — About two-thirds the originiil size. Tracings from the anterior end of the 
Limulus heart, A (ganglion inolaCed posteriorly), jr, application of saponin 1-200,000 
to the isolated ganglion. Showing primary depression. B, x, application of saponin 
1-50,000 to the ganglion.free anterior end. Showing primary depression. 

tion. This is also true of the heart, although the heart is more 
resistant to the action of saponin than the central nervous system and 
most peripheral nervous tissues. Saponin thus acts exactly the same 
on the Limulus and vertebrate heart, and since the drug has the 
same action on nervous tissues and muscular tissues the question of 
point of action in the heart is of little moment. 

Saponin increases the -permeability of red blood corpuscles and of 
pus corpuscles to ions.^ It is probable that saponin has the same 
action on the cells of other tissues. The depressor action may there- 
fore be casually related to the disturbance of the normal osmotic 
relations between the cells and the lymph. This question is being 
investigated. 

XV. The AcxrON of Quinine, 

1. The Llmnlns heart gaDgUon, — Quinine sulphate is but slightly 
soluble in the Limulus plasma or sea water, the actual strength of 
the various solutions worked can therefore not be given. In the 
weaker concentrations I sometimes obtained a slight augmentation 
of the intensity of the nervous discharges prior to the depression, but 
with stronger solutions such primary stimulation was never observed. 
The action of this alkaloid on the heart ganglion is therefore depressant, 
with a possible slight initial stimulation, but the latter is so slight and 
' Stewart : The journal of experknental medicine, 1902, vi, p. 257. 
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of so short duration that it is not always delected. The depressor 
action appears mainly in the intensity of the nervous discharges, the 
rate of the ganglion rhythm remaining the same or being but little 
. altered. This is variably true for the weaker solutions. In the later 
stages of the action of the weaker solution the rate of the ganglionic 
rhythm is also diminished. The stronger solutions (one-half satu- 
rated) may depress the rate almost from the very beginning. The 
slight indication o£ primary stimulation never appeared in accelerated 
rhythm, nor was any acceleration of the rate of the nervous dis- 
charges obtained during any stage preceding complete paralysis of 
the ganglion. 

2. Tho hoart maioie of i>imuius. The action of quinine on the heart 
muscle is the same as on the heart ganglion, with the difference that 
the latter is much more s.-iisitive to the drug thnu the former. — The 
weaker solutions that still have a decided depressant action on the 
ganglion have no influence on the ganglion-free part of the heart, or 
the action is so gradual that it cannot be distinguished from the very 
gradual decline of the heart rhythm under the experimental con- 
ditions. Stronger solutions (one-half saturated) depress the heart 
muscle gradually. In some preparations a slight indication of a 
primary stimulation was obtained, lasting for a few beats. 

3. The v«rtebrat« heart. — So far as I can make out from the 
literature, the action of quinine on the vertebrate heart is identical 
with that on the Limulus heart, that is, depressor with a possible 
slight initial stimulation. The acceleration of the heart following 
administration of quinine in the intact mammal is in all probability 
due to depression of the vagus centre in the medulla. Both in 
the isolated frog's heart ' and the isolated mammalian heart* the para- 
mount action is depression of the rhythm. The slight indication of 
primary stimulation sometimes observed in the Limulus heart is 
either absent in the vertebrate heart or else of so brief duration as to 
escape detection. Quinine tends to produce somewhat greater 
irregularity of the heart rhythm in the vertebrates than in the 
Limulus. 

Hedbom interprets 4he depressor action of quinine on the isolated 
mammalian heart as due to the stimulation of the inhibitory nervous 
mechanism in the heart. That interpretation appears to me in all 
probability incorrect. The depressor action is persistent till paraly- 

' Santessok ; Archiv fur experimeotelle Pathologic und Pharmakologie, xxxiii, 
p. 321. 

* Hedbom : Skandinavisches Archiv fiir Physiologic, 1899, ix, p. 33. 
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sis supervenes, except for occasional periods of more rapid rhythm 
during the irregular phase, while we know that the primary stimulat- 
ing action is of very brief duration. The depression of the rhythm 
is probably due to depression both of the motor nervous mechanism , 
and the heart muscle, in the case of the dilute solutions perhaps 
mainly due to the former, as we have seen is the fact in the Limulus 
heart. The point of action of quinine on the heart has little bearing 
on the question of the nature of the heart rhythm, since this drug 
acts in the same way both on the nervous tissue and the muscular 
tissue in the heart. 




FlGUKF. 8. — About one.third the original size. Simultaneous (racings from the anterior 
(upper recoriij and posterior {lower record) end of the Limulus heart. The ganglion 
extirpated in the lirst two segments and the heart muscle Iranssected, leaving the 
two ends of the heart connected only by the lateral nerves. Upper record, j:, appli- 
cation of adrenalin chloride 1-200,000 to the ganglion-free anterior end. lUtwer 
record, x, application of same strength of adrenalin to posterior end of heart. Show- 
ing primary stimulation both of the ganglion and the ganglion-free pari of the heart. 



XVI. The Action of Digitalin. 

1. Tba beart bbubUoii of Llmalna. Solutions of digitalin in plasma 
or sea water have a primary stimulating action on the Limulus heart 
ganglion. — Primary depression of the ganglionic rhythm was never 
obtained. In dilutions of i to lO.OOO or 15,000 the stimulation of the 
ganglion appears only in the increased intensity of the nervous dis- 
charges, the rate remaining the same. In greater concentrations 
both the rate and the intensity of the nervous discharges from the 
ganglion are augmented. In strengths of I to 500 or i to lOCO 
ftie stimulation of the ganglion may approach incomplete tetanus, 
the tonus of the heart muscle is increased, and the rhythm soon be- 
comes irregular followed by depression and final paralysis. The 
irregularity in the rhythm appears both in the rate and the intensity 
of the nervous discharges, mainly in' the latter. Thus, by the action 
of the stronger solutions of digitalin on the heart ganglion of Limu- 
lus, tracings may be obtained which closely resemble the records 
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from the isolated mammalian heart in the irregular phase of the 
digttalin action. 

The stimulating action of digitalin on the Limulus heart ganglion 
is counteracted by calcium chloride. Concentrations of digitalin of 
I to 1,000 paralyze the ganglion within seven to ten minutes. 

2. Tlie h«art muaole of Limalam. Solutions of digitalin stronger 
than I to 1000 cause tonus contiactions in the Limulus heart muscle, 
and the increased tonus is usually accompanied by stronger beats for a 
shoft period, but this stimulating phase is quickly followed by a dimi- 
nution and complete cessation of the beats while the increased tonus 
of the muscle persists. In some cases the tonus of the muscle 
produced by strong solutions of digitalin was not accompanied by 
stronger contractions of the ganglion-free part of the heart, the 
strength of the contractions being diminished from the beginning. 

The tonus contraction of the muscle produced by strong digitalin 
is counteracted by calcium chloride. 

The weaker strengths of digitalin (i in 2000 down to i in 15,000) 
depress the contractions of the ganglion-free part of the heart with- 
out any, or, at the most, with only the slightest indication of primary 
stimulation. The slight indication of primary stimulation was ob- 
tained in only two preparations with solutions of the strength of l in 
lo,ooo. These weaker solutions cause no tonus contraction of the 
muscle. The weakest strength of the drug that will affect the gan- 
glion has practically no effect on the ganglion-free part of the heart. 
Stronger concentrations than i in 15,000 are required to produce the 
typical depression just described, although there are great individual 
variations in the degree of susceptibility to the action of the drug, the 
degree of depression obtained by solutions of I in 10,000 is obtained 
only by a strength of 1 in 5,000 in another heart 

I have some data which indicate that the primary depressant action 
of digitalin in medium strength on the ganglion-free part of the heart 
is due to depression (possibly preceded by a transient stimulation) of 
the motor nerves and nerve endings, and the stronger solutions that 
cause tonus contraction accompanied by a temporary increase in e)^- 
citability and contractility do so by acting directly on the heart 
muscle. It is therefore probable that digitalin has a primary stimu- 
lating action both on the heart muscle and the heart ganglion, the 
latter being, however, much more susceptible to the drug than the 
former. 

3. The T«ttebrat9 bsart. — The main point of interest in the action 



,v Google 



2o6 A. X Carlson. 

of digitalin in the higher animals has been its action on the heart, 
and the literature on that subject is considerable. The drug has a 
primary stimulating action on the central nervous system and pos- 
sibly on peripheral ganglia. In strong concentrations it paralyzes 
nerves and skeletal muscle, the latter after a primary stimulation. 
The action of the drug on the isolated heart appears to be slightly 
different in the frog and in the mammal. The primary action in the 
frog's heart is an increase in the strength of the beat accompanied by 
a slowing of Che rhythm. This phase is followed by irregularity, lack 
of co-ordination, periodic acceleration of the rate and ultimate paraly- 
sis, the ventricle stopping in extreme systole. Instead of the primary 
slowing of the rate, the drug may produce a primary acceleration. In 
the isolated mammalian heart digitalin causes an initial augmentation 
of the strength of the beat, usually without marked change in the 
rate.' The initial change in the rate, when present, may be either 
slowing, as in the frog, or actual acceleration followed by slowing.^ 
The fundamental and typical action of digitalin on the vertebrate 
heart is therefore the primary increase in the strength of the beats, 
and this may be accompanied by a slowing or an acceleration of the 
rhythm or attended by no change in the rate. 

It is, therefore, evident that this primary action of digitalin on the 
vertebrate heart is almost duplicated by its action on the Limulus heart 
ganglion. The only difference is this, that the initial increased in- 
tensity of the nervous discharges from the Limulus heart ganglion 
is never accompanied by a slowing of the rate. The strengthened 
nervous discharges may be accompanied by an accelerated rhythm, 
in case the concentration of the drug is sufficiently strong, but in 
no case did I observe a preliminary stowing. This preliminary slow- 
ing is not a necessary result of the action of digitalin on the 
isolated vertebrate heart, for while it is usual in the frog's heart, it 
is not usual in the isolated mammalian heart. The further phenom- 
ena of irregularity in the rhythm and grouping of the beats are the 
same as the irregularities following the strong doses on the Limulus 
ganglion. In view of the results on the Limulus heart I would 
interpret the mechanism of the action of digitalin on the isolated 
vertebrate heart as follows: the primary strengthening of the beats 
and quickened rhythm are due to stimulation of the motor nervous 

' Gottlieb and Magnus: Archiv fiir experimentelle Pathologie und Phar- 
makologie, 190J, ii, p. 30. 

' Heuhom ; Skaadinavisches Archiv fiir Physiologie, 1898, viii, p. 185. 
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elements. The local inhibitory nervous apparatus is stimulated at 
the same time, and in some cases this results in a slowing of the 
rate. The irregularity of the rhythm results from the stimulation 
of parts of the motor nervous mechanism not normally automatic, 
that is, the parts that normally respond to impulses from the sinus 
or from the auricles. 

The increased tonus of the muscle in the frog's heart appears to be 
identical with the tonus contraction produced in the Limulus heart 
muscle by strong doses of digitalin. These phenomena are in all 
probability due to a direct action of the drug on the heart muscle 
rather than on the motor nervous tissue. The paralysis of the heart 
by strong- doses of digitalin is probably due to the paralysis of the 
motor ganglia in the heart. This is certainly the case in the heart 
of Limulus. 

XVII. The Action of Adrenalin. 

1. Tbs beart ganglion of Llmnliw. Adrenalin is a very powerful 
stimulant to tke Limulus heatt ganglion. — This stimulating action is 
evident with dilutions of i to 500,000. The greater the concentra- 
tion of the drug, the greater the intensity of its stimulating action on 
the ganglion ; but adrenalin differs from drugs tike aconitin, digitalin, 
nicotin, or veratrin in that the rhythm does not become irregular. 
In very strong solutions, however, the depression following the 
stimulating phase may be accompanied by some irregularity. The 
stimulating action of adrenalin on the ganglion appears both in the 
rate and in the intensity of the nervous discharges. It is counteracted 
by calcium chloride. 

2. Th« liaart moaole of Urnuliu. Solutions of adrenalin chloride 
in plasma or sea water have a primary stimulating action on the gan- 
glion-free part of the Limulus heart just as they have on the ganglion. — 
Where such solutions are applied to the ganglion-free anterior end of ■ 
the heart the amplitude of the beats is gradually strengthened and 
this stimulating action may last for hours. The only difference 
between the heart ganglion and the ganglion-free part of the heart 
in this reaction to adrenalin is the greater sensitiveness of the 
ganglion. Solutions too weak to affect appreciably the ganglion-free 
part still act on the ganglion, and any given strength of the drug 
acts more quickly on the heart ganglion than on the ganglion-free 
part of the heart. 

It is, of course, impossible to say whether the stimulating action 
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of adrenalin on the ganglion-free part of the heart is due to its action 
on the nerves or on the muscle or on both. 

3. The vertebrate heart. — On the vertebrate heart adrenalin acts 
in a manner similar to digitalin, that is, as a primary stimulant. 
This stimulating action appears in increased strength of the beats 
rather than in any augmentation of the rate, in the intact mammal; 
in fact, the rate is diminished by stimulation of the vagus centre in 
the medulla. 

Adrenalin has a primary stimulating action on the central nervous 
system, and, according to the best supported view, on nerve endings 

UUIIHil]UIHI'U'iUrmii»uul!.IUnUUHUi.„. uuuuuJllllliJllllililiHIiUUlll 
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FltiUKE 9. — About one-third the original size. Simultaneous record from the two ends 
of the Limulus heart prepared as in Figure 8. Upper record, ganglion-free anterior 
end. Lower record. Posterior end of heart containing the ganglion, x, nicotin alka- 
loid l-tO,000 applied to anterior end. i', nicotin 1-10,000 applied to anterior end. 
x", nicotin solution replaced by plasma. Showing primary depression of the ganglion- 
free part of (he heart by concentrations of nicotin (hat strongly stimulate the ganglion. 

of the sympathetic system.^ It is not supposed to act directly on 
the muscle cells, though that is a disputed point. The supporters 
of the myogenic theory ascribe the stimulating action of adrenalin on 
the heart to a direct action on the muscle, though the evidence seems 
to show that this drug acts on the nervous rather than on the muscular 
tissues. The action of adrenalin on the Limulus heart is identical 
with that on the mammalian heart. The results on Limulus, how- 
ever, furnish no clue to the interpretation of the point of action of 
the drug in the vertebrate heart, since the heart ganglion and the 
ganglion-free part of the heart react to adrenalin in the same 
manner. 

XVni. The Action of Ergot. 
1. Tbe heart gangUon of Umulns. Extract of ergot in plasma or 
sea water kas a primary depressant action on the heart ganglion of 
Limulus. — The depression is confined almost entirely to the intensity 
of the nervous discharges, the rate of ganglionic rhythm remaining 
the same. The degree of depression is proportional to the strength 
of the drug, the weakest solution having any appreciable action on 

' See Elliott: Journal of physiology, 1905, xxxii, p. 401. 
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the ganglion being i in 10,000. There is usually a gradual recovery 
of the ganglion in case of the weaker solutions, even when the drug 
is allowed to act on the ganglion continuously. The degree of 
recovery may reach the normal rhythm, that is. in the strength of the 
nervous discharges, but in no case did the ganglionic rhythm become 
stronger than the normal after the primary depression. 

2. The idmuiiu he«t miMoU. Extract of ergot in plamia or sea 
water up to the strength of i in lOOO has no action on the ganglion-free 
part of the Limulus heart. — Stronger solutions were not tried. It is 
therefore evident that the heart ganglion is more sensitive to the 

X x' 
[|j|||l|l|I||l|[||l|IIII|tl|l>MIIIIIll|il|IUII|l|||llilll|lNI!lfl|liMII!l(llll[^^ ll'l|ll<ll'l''"lfil!'M||l"l|i|lll|l 

Figure 10.— Siniulianeous tracings from the anteriof (upper record) and Ihe pasieHor 
{lower record) enda ai the IJmalus heart prepared *& in Figure 8. x, digitalin 1-2000 
applied In the ganglion-free anterior end of the heart, x', the digitalin solution 
replaced by plaama. Showing primary depression of the ganglion-free part of tlie 
heart by this concentration of digitalin. 

drug than is the heart muscle or the motor nerves. The ergot 
solutions have the same action on the intact Limulus heart as on 
the isolated heart ganglion. This action is consequently due to the 
influence of the drug on the ganglion. 

3. The Tsrtebrate httart. — The commercial extracts of ergot con- 
tain several toxic substances, some of which have a primary stimu- 
lating action both on parts of the central nervous system and on 
peripheral ganglia, and possibly on nerve endings, while others are 
said to act on muscular tissue in a manner similar to veratrin. 
Sollmann and Brown ' have recently made exhaustive studies of Ihe 
action of ergot on the intact as well as on the isolated mammalian 
heart, and I will confine myself to a comparison of their results with 
those on the Limulus heart. Direct application, that is, intravenously, 
of solutions of ergot produce qiyckly a primary weakening of the 
heart beats without any changes in the rate. The heart recovers 
from this depressor action almost as quickly, and the degree of 
recovery usually exceeds the normal strength of the beats; that is, 
there is some indication of a secondary stimulation following the 
depression. As these etlects are obtained both in the intact and 



' SoLLUAKN and Brown : Journal of American medical association, 1905, 
xlv, p. 239. 
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in the isolated mammalian heart, Sollmann and Brown interpret them 
as due to a direct action of the ergot on the heart muscle. 

The direct action of ergot is therefore practically identical in the 
mammalian heart and the Limulus heart. The mechanism by which 
these changes in the heart rhythm are produced may or may not be 
the same in the hearts from these two widely separated groups of 
animals, but in the case of Limulus we have seen that they are due 
solely to the action of the drug on the heart ganglion. 

The mechanisms of action of the foregoing drugs on the Limulus 
heart need not be restated. Moreover, these results on the Limulus 
heart do not warrant any general deductions as to the mechanisms of 
action of the same drugs on the vertebrate heart, apart from the 
interpretations already suggested in the case of each individual drug. 
As was pointed out in the beginning of the paper, this is partly due 
to the fact that the literature is not a unit as regards the primary 
action of many drugs on the vertebrate heart, as well as to the fact 
that we have scanty data on the pharmacology of the heart under 
conditions eliminating, as far as possible, the factor of conduction and 
co-ordination in the heart. Such data only can be directly compared 
with the above results in Limulus. 

This fact is, nevertheless, apparent that tke primary heart action of 
most of these drugs is tke same in Limulus and in the vertebrates, and 
that ill case of tke drugs showing discrepancies, tke literature on tke 
vertebrate keart is convicting. We have seen that the primary action 
of these drugs on the Limulus heart is due to their action on the 
local motor ganglion. But this is suggestive for further worlt rather 
than a warrant for further generalizations ; as the neurogenic theory 
of the heart beat may be true for the vertebrates, and yet the 
mechanisms of primary action of drugs in the Limulus and the verte- 
brate hearts be very dissimilar, because in the vertebrates the motor 
heart ganglia, the heart nerves, and the heart muscle may not exhibit 
the relative excitabilities that we found in the Limulus heart. And 
further investigation will probably demonstrate a local inhibitory 
nervous mechanism in the vertebrate heart, a mechanism that appears 
to be absent in the heart of Limulus. It seems to me, however, that 
the interpretations of the mechanisms of action of drugs in the verte- 
brate heart suggested by the pharmacology of the Limulus heart 
bring, on the whole, the heart action of these drugs in line with their 
known action on nervous and muscular tissues respectively. 
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THE EFFECT OF CASTRATION ON THE METABOLISM 
IN OSTEOMALACIA.' 

Bv FRANCIS H. McCRUDDEN. 
[From thi Laberatory of Bielegical Chtmiilry of lA« Harvard Medical Scheel^ 

Introduction. 

CASTRATION was first recommended as a curative measure 
in osteomalacia by Fehltng,^ who obtained apparently permanent 
cures in several cases of puerperal osteomalacia. The operation has 
since been performed a number of times with good results upon 
patients suffering from this disease. In the present paper an account 
is given of the results of a metabolism experiment performed on a 
young woman who had suffered from osteomalacia and had been 
castrated a year and a half previously in an attempt to cure the 
disease. A similar metabolism experiment had been performed on 
the patient just before the operation and another a few months after.' 
The operation caused a marked change in the metabolism, and there 
was apparently a marked improvement in the condition of the 
patient, leading to union of a fracture of the femur. The patient was 
then lost sight of for over a year. At the end of that time the 
disease seemed to be in an acute condition again, and two fractures 
occurred, one just before and one during the third metabolism 
experiment. It is believed that the results throw some light on the 
mechanism of the pathological processes which take place. 

^ This b a continuation of the study of osteomalacia started under the direction 
of Drs. GoLDTHWAiT, Painter, and Osgood of Boston over two years ago. The 
expenses were contributed in part by the Procter Fund for Che Study of Chronic 
Diseases. 

■ H. Fehung: Archiv fiir Gynalcologie, 1S91, xxxix, p. 171; H. Fekling: 
Zeilschrift fur GebiirtKhilfe und Gynakologie, 1894, xxx, p. 471; H. Fehling: 
Archiv fUr Gynakologie, iSgj, 1, p, 472. 

* GoLDTHWAiT, Painter, Osgood, and McCruddkn : This journal, 190J, 
xiv, p. 389. 
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Experimental Results. 



Third metabollBtn experimaut diet. Fint day. — Breakfast : bread, 52.0 gm., 
butter, 12,6 gm. ; oatmeal, 148.5 gm. ; coffee, 150.OC.C. j cream, 50.0C.C. 
Dinner: liver, 3S.0 gm. ; potato, 94.3 gm. ; bread, butter. Supper: 
jam, 59. o gm. ; gingerbread, 79.0 gm,; cocoa, 146.0 c.c. 

Second day- — Breakfast : oatmeal, 109.0 gm. ; omelette, 40.1 ,gm. ; coffee, 
153.0 c.c; milk, 5S.0 c.c; bread, butter. Dinner: fish, 46.8 gm. ; 

TABLE I. 



Urine. 


CaO. 


MgO. P,0,. 


S. 


N. 


Istday 

2ad»y 

3dd»y 

4ihday 

Slhday 

6th day 


0.175 
0J63 
0.325 
0.228 
0.252 
0.241 


0.0W2 

0.1482 
0.1243 
0.0917 
0.0964 
0.0924 


0.9018 
0.9682 
0.9146 
0.8642 
09184 
0.9108 


0.3108 
0-3976 
0.3358 
0.3252 
03902 
0.298 


5.03 

6.84 
5.86 
5.37 
4.97 
5.9 


Total 

Fxces 


1.S84 
6.69 


0.648 
1.U6 


5.478 
4.873 


2,0636 
0.729 


33.97 
0.705 


Total outgo . . . 
In food 


8.27 
3.44 


1.764 
1.504 


ia35 

12.28 


2793 
2.897 


34.68 

38.8.S 



potato, 95.0 gm. ; jam, 44.5 gm. ; bread, butter. Supper: oyster broth, 

160.0 c.c. ; cocoa, 139.0 c.c ; jam, 48.5 gm. ; bread, butter. 
Third day. — Breakfast: oatmeal, 17.5 gm. ; omelette, 44.8 gm. ; milk, 

50,0 c.c. ; coffee, 153.0 c.c. ; bread, butler. Dinner : potato, 95.1 gm. ; 

cabbage, 64.5 gm. ; broth, 121.0 cc; jelly, 68.3 gm. ; milk, 60.0 c.c. ; 

bread, butler. Supper : cocoa, 13J.0 cc. ; jam, 69.2 gm. ; bread, butter. 
Fourth day. — Breakfast: baked beans, 74.5 gm. ; coffee, 151.0 c.c. ; bread, 

butter. Dinner : beef, 38.0 gm. ; potato, 1 24. i gm. ; peas, 56. 7 gm. ; ice 

cream, 55.1 gm. ; bread, butter. Supper: pears, 58.5 gm. ; cocoa, 

128.0 c.c, ; bread, butter. 
Fifth day. — Breakfast: oatmeal, 93.3 gm. ; omelette, 132.0 gm. ; coffee, 

152.0 c.c. ; bread, butter. Dinner: lamb, 17.0 gm. ; potato, 93,7 gm. ; 

icecream 56.2 gm. ; bread, butter. Supper: apple butter, 61.5 gm. ; 

cocoa, 125.0 c.c. ; bread, butter. 
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Sixth day. — Breakfast: sausage, 30.1 gm.; oatmeal, iio.o gm.; cofTcc, 
laj.o c.c. ; milk, 60.0 c.c. ; bread, butter. Dinner : beef, 48,0 gm. ; po- 
tato, 92.5 gm, ; milk, 68.0 c.c. ; bread, butter. 

Bread for the week, 551 gm. ; butter, 86,5 gm.; sugar, 144.8 gm. j salt, 
3.82 gm. ; water, 2820,0 c.c. The analyses ' are given in Table I. 

For the sake of comparison a brief r^sum^ of the analyses obtained 
in Experiments i and 2 is given in Tables II and III. 

TABLE II. 
ExPERiUBNT 1, Performed before i'hb Operation. Duration 8 Days. 





CaO. 


MgO. 


PjO,. 


S. 


N. 


Daily average in urine . 


0.483 


0.083 


1.1 


0.19 


638 


Toul in urine . . . 
Face* 


3.859 
1.8 


0.667 

1348 


8.81 
3.56 


U17 
1.166 


51.0* 
11.98 


Tola] excreted . . . 
Food 


5.66 
4.S6 


2.01S 
2.207 


12.37 
12.05 


2.68 

7.15 


63.02 
69,12 



TABLE III. 





N. 


S. 


CaO. 


Daily average in urine . 


6.32 


a245 


0J86 


Total in urine . . . 
Faces 


88.5 
15.78 


3.425 
1.414 


5J97 
1.8 


Total eicreted . . . 
Food 


104.28 

127. 


4.84 
10.54 


7.2 

ia03 



Several p>oints may be noted in the third metabolism experiment. 
There is an excess of 4.83 gm. of calcium oxide in the excreta over 
' For details of the methods, see Goldthwait, Painter, Osgood, and 
McCrudden : This journal, 1905, xiv, p. 389. 
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that in the food. The loss of calcium by the body is more marked 
even than in the first experiment, in which case i.io gm. were 
returned. The daily excretion of calcium in the urine is high. The 
average in this case in 0.264. According to Neubauer and Vogel,' 
the normal average is 0.16 gm. 

The magnesium in the urine is lower than normal. According to 
Neubauer and Vogel, the normal average is from o.i8 to 0.28 gm. per 
day. We obtained in this case 0.108 gm. per day as an average. 
Further, it may be seen that there is about twice as much mag- 
nesium in the faeces as in the urine, whereas we know that normally 
magnesium is excreted chiefly in the urine. 

The metabolism of the calcium and magnesium in this experiment 
is essentially the same as in the first experiment, when the patient 
was suflTering from the disease and before the operation had been 
performed. One noticeable difference in the metabolism in the two 
cases may be noted, however: in the first experiment there is an 
enormous retention of sulphur; in the third experiment the retention 
is almost negligible. 

There is a retention of nitrogen and phosphorus in the third 
experiment. Satisfactory studies of the effect of castration on the 
inorganic metabolism have not yet been carried out, so that we do 
not know the reason for this retention, A possible explanation lies 
in the lowering of the metabolism, which, according to Loewy,* 
castration brings about. On account of our lack of knowledge 
concerning the effect of castration on the metabolism the author 
is about to begin a careful study of the effect of castration on the 
inorganic metabolism of normal adult animals. 



DiscussroN. 

According to Fehling, osteomalacia is a tropho-neurosis of bone 
due primarily to a diseased condition of the ovaries. Removal of 
the ovaries does not, however, always effect a permanent cure, as 
Neumann ^ as well as we ourselves have observed. Further, beyond 
a slight hyperemia in some cases, the ovaries are not found to be 
pathological; and cases of osteomalacia occur in young women 

' Neubauer and Vooel: Analyse des Hams, 1898, p, 45, 

' A. LoEWY : Ergebnisse der Physiologie, 1903, ii, p. 130. 
''_Neomann: Archiv fiir Gynakologie, 1896, Ii, p. 130. 
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whose ovaries have not yet become functional,* and also in men. 
This disease therefore cannot be due in all cases to a pathological 
condition of the ovaries. 

Among others we can imagine three possible processes in osteoma- 
lacia, namely, (l) an incapacity of the inorganic ground substance 
to enter into combination with and fix the inorganic salts, (2) a 
deficiency of Itme in the nutritive material supplied to the bones, and 
(3) an especially active katabolism of bony tissue. 

The first possibility might be thought of in connection with the 
fact mentioned in our last paper that the composition of the organic 
matrix is abnormal in this disease. It is improbable, however, that 
a slight change in the chemical composition of the organic matrix 
would affect its power of fixing lime. This process seems to be a 
physical one, and dead bone* and even gelatin can take calcium away 
from its salts in a similar manner. Further, this theory would not 
explain the excess of calcium in the excreta over that in the food. 
Again, as we shall sec further on, the apposition of new osteoid 
tissue is not the primary feature, and seems to come only after the 
loss of calcium. 

Deficiency of calcium in the food supply alone cannot be the cause 
of the disease, for the absolute quantity of calcium excreted daily is 
decidedly higher than normal, and not lower, as we should expect on 
a diet too poor in calcium to maintain normal equilibrium. Further, 
such an hypothesis does not explain why one person should suffer 
severely and others hving on the same diet be perfectly well ; on the 
other hand, artificial softening of bone has been produced in animals, 
and especially in birds, where the osseous metabolism is especially 
active by means of a diet poor in calcium,' so that we can conclude 
that a diet poor in lime or a condition of poor absorption of calcium 
would probably act as a contributing cause if there were primarily 
a condition of increased bone absorption. 

In regard to the third cause wc know that bones as well as other 
tissues have an active metabolism until well into adult life, and that 
absorption of old and building up of new bone is continuously taking 
place. Further, the exceedingly large quantity of calcium excreted 

t This is the case in our pa(!ent. 

* M. Pfaondler: Miinchener medizinische Woe hcnsch rift, 1903, 1, p. 1577. 
•Voit: Zeitschrift fiir Biologic, 1880, xvi, p. 55; ROLL: Pathologie und 
■ Therapie der Hausthiere, ad ed., p. 41 1 ; Chossat : Comptes rendus, 1842, xiv, 
p. SI- 
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in both urine and faeces establishes the fact that in osteomalacia ab- 
sorption of bone is particularly active. The cause of the active katabo- 
lism of bone in puerperal osteomalacia is undoubtedy the condition of 
pregnancy, during which the developing foetus requires large quantities 
of lime. Hanau ' found at autopsy, especially in the bones of the 
pelvis, a condition similar to that found in osteomalacia even in 
pregnant women who seemed to be free from all signs of unsound 
bones. 

In the non-puerperal cases we do not know the cause of the active 
bone katabolism. It is certainly not to be accounted for, as we 
have already shown,* by the old theory of solution of the calcium by 
an acid. 

The abnormal sulphur metabolism may be explained as a condition 
secondary to that of the loss of calcium, — an attempt to make up for 
the great loss of osseous tissue by an excessive production of osteoid 
material. In the first experiment, while the disease was in progress, 
there was a loss of calcium with a retention of sulphur. The re- 
moval of the ovaries immediately affected the calcium metabolism and 
caused a retention. The change in the sulphur metabolism did not 
respond so rapidly, — just as we should expect in accordance with the 
view that the abnormal sulphur'metabolism is secondary to the loss 
of calcium, — so that in the second experiment there is still a reten- 
tion of sulphur, but not so great a retention as in the first experiment. 
By the time of the third experiment the sulphur metabolism had 
finally reached a condition of equihbrium. Just previous to this time 
the patient began to show symptoms of the disease again, and in 
this experiment, although there is a considerable loss of calcium, 
a marked new formation of osteoid tissue (which would be indicated 
by a retention of sulphur) has not yet begun. This combination of 
the two unfavorable circumstances probably accounts for the spon- 
taneous fractures at just this time. 

It seems probable that the loss of lime and consequent softening of 
bone in osteomalacia is merely one of the symptoms of the disease. 
We may relieve this symptom for a time by removing the ovaries. 
In the case of puerperal osteomalacia this operation removes also 
the possibility of the condition — namely, pregnancy — which is 
one of the causes of the disease. In non-puerperal osteomalacia, 

' Hanau : Fortschritte der Medicin, 1S9Z, x, p. 236. 

' GoLDTHWAiT, Painter, Osgood, and McCrudden: This journal, 1905,- 
xiv, p. 389 
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castration likewise masks for a time the symptom of loss of cal- 
cium, but does not have any influence on the ultimate cause of the 
disease. 

I wish to thank Drs. Goldthwait, Painter, and Osgood for obtaining 
the patient and maintaining her in the hospital during the course of 
the experiment. 
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ON CONDUCTION AND CONTRACTION IN SKELETAL 
MUSCLE IN WATER RIGOR. 

By CLYDE BROOKS. 
[Fr<nn the ffall Phyiiologual Laionilnry of the Uiiiveriily ef Chicago.) 

THE object of this paper is to ascertain whether contraction or 
conduction ceases first in skeletal muscle on going into water 
rigor. 

Biedermann ' bathed one end of the frog's sartorius in a hypotonic 
solution till local water rigor was induced. He does not state 
whether he used curarized frogs or not. On stimulating the rigid 
part of the muscle, visible contractions occurred only in the other 
end. He concluded from this that skeletal muscle in water rigor 
may conduct without contracting. 

Engelmann,^ using the curarized sartorius, repeated and confirmed 
Biedermann's observations and extended them to the frog's heart. 
He bathed the auricles in a hypotonic solution till no visible con- 
tractions could be obtained from them on stimulation; but on excit- 
ing the auricles, the ventricles contracted. He concluded from this 
that cardiac muscle in water rigor may conduct without contracting. 

Three objections have been made to the above conclusions: — 

1. It may be that nerve fibres resist the action of water for a 
longer time than muscle fibres do. Therefore in the heart the 
impulses may have been carried by the intrinsic nerves. Unless the 
nerve endings in the sartorius were completely curarized, this may 
have occurred in the case of the skeletal muscle too. 

2. It is possible by the technique of the above experiments that 
there was complete rigor in the outer fibres, and yet that the inner 
fibres at this stage were relatively unaffected and able to contract on 
artificial stimulation, and that such contractions were masked by the 
rigidity of the outer fibres. 



: Sitzungaberichte der Wiener Akademie der Wissenschaften, 
I8-89, xc, Abtlieilung 3, p. loi ; Electrophysiologic, 1895, p- 140. 
' Engelmank; Archiv fiir die gesaminte Pliysiologie, 1894, Ivi, p. 199. 
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3, It is possible that tlie contractions observed were caused by 
the spread of the electrical current (actual escape, or electrotonus) 
instead of by physiological conduction. 

Weight is given the first objection by the fact that in Limulus 
heart in a certain stage of water rigor, the intrinsic nerves still con- 
duct even after the muscle fibres have lost their contractility.' 

In order to test this point on skeletal muscle, a retractor muscle of 
the neck of the tortoise was used to make a preparation such as was 
made of the Limulus heart by ^ 

Carlson in the article referred to "j\ ,.,,- =z:z - )7--'- ' -- ~ 7? 

above. The retractor muscle is t;-;=^^^^— I — i< " — ^ ^ 

supplied by a large nerve running k,^„,^ i._Me,h<Hl of preparing a «- 
very near the surface of the muscle tractor muscle of ihe neck of the tortoise 

from before backward, and giving for testing conduction through the intra- 
ofif branches to the muscle fibres """sciar "«"«. 
at frequent intervals. In two places the main nerve was dissected 
out and the muscle transsected into three parts connected only by 
the main nerve which was left intact (Fig. i). The middle segment 
was then placed in distilled water. When the nerve was stimulated 
after this segment had become rigid, no visible contractions occurred 
in the middle segment itself, but both the other segments contracted 
strongly. 

This shows that the intramuscular nerves of skeletal muscles may 
conduct even when the adjacent muscle fibres are in water rigor. 
This is analogous to the results of Carlson on the Limulus heart. 

Therefore, if the uncurarized or the incompletely curarized sar- 
torius was used, Biedermann's results may have been due to the 
stimulation of the intramuscular nerves. Although on examination 
of May's drawings^ of the nerve supply of the frog's sartorius, it seemed 
possible that Biedermann's results were due to double conduction; 
yet several trials to show splitting of the axis cylinders by dissecting 
out the nerve and transsecting the muscle at the point where the 
nerve enters it, and then stimulating one segment, failed, for there 
were no visible contractions in the other segment. 

Since Engelmann used the curarized sartorius in confirming 
Biedermann's experiment, this objection does not apply to this part 
of his work. But, as pointed out by Carlson, his results on the frog's 
heart may have been due to the stimulation of the intrinsic nerves of 
the auricles. 

I Carlson : This journal, 1906, xv, p. 1 12. 

' May: Zeilschrift fiir Biologic, 1884, x\, p. 479. 
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On a priori grounds the second objection is reasonable, for, since 
the water would touch the outer fibres first, they should become 
rigid first. It is known that water rigor takes an appreciable time to 
become well established.^ 

In order to obtain exact data on this point the retractor of the 
tortoise was placed in distilled water and attached to a light lever 
which magnified the contractions about ten times. After the muscle 
had been acted upon by the water so that on stimulation no con- 
tractions could be detected even by the aid of a lens, tracings about 
3 mm. in height were still recorded on the drum. After immer- 
sion of three or four hours the record showed no contractions what- 
ever, even on stimulation with a much stronger current. The muscle 
was then pared on all sides, leaving only a small core of clear-looking 
tissue from the centre. On stimulation of this core with a much 
weaker current than that first used, tracings 3 cm. in height were 
recorded, the magnification being the same as before. 

This shows that when skeletal muscle is allowed to stay for a time 
in distilled water, the outer part loses its contractility a measurable 
time before the inner part. 

Therefore Biedermann's results may have been due to contractions 
of a core of fibres in the centre of the muscle, such contractions 
being masked by the rigidity of the outer fibres. 

The third objection, as pointed out by Kaiser,' applies to the work 
of Biedermann and of Engelmann on the frog's sartorius. 

In order to test this point experimentally, a curariaed frog's sartorius was 
isolated, placed in a vertical position with each end attached to a light lever, 
and the middle held by a screw clamp- In order that this clamp should be 
insulated from the muscle, two strips of cork were partly imbedded in a layer 
of paraffin covering the surface of the clamp next to the muscle. Two fine 
platinum wire electrodes were thrust through the muscles near its lower end. 
The electrodes were connected with an induction machine supplied by a cell 
with an E. M. F. of about one volt. The strength of current was adjusted so 
that it should be more than suffif lent to set up maximal contractions in the 
directly stimulated muscle and yet should not be strong enough for the current 
to escape to the other end of the muscle. With the muscle so lightly clamped 
that there was no interference with the passage of the contraction wave, the 
adjustment was made by gradually increasing from a very weak current to the 
point where there were maximal contractions. This fixed the minimal limit 

' Biedermann : Electrophysiologie, 189J, p. 305. 
' Kaiser : Zeitschrift fiir Biologic. 1S95. xxxi, p. 244. 
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of the current to be used. Then the muscle was so strongly crashed by 
tightening the clamp that no physiological conduction could occur. The 
lower end of the muscle was then stimulated with increasingly strong cur- 
rents till contractions began in the other half. This fixed the maximal limit 
of the strength of stimulus to be used. The crushed muscle was next re- 
placed by an intact one. A dish of distilled water was brought up around 
the lower half of the muscle sub- 
merging all that part of it below 
the clamp. The upper part of the 
muscle was kept moist with 0.7 per 
cent sodium chloride solution. The 
preparation was allowed to stand in 
this condition except at certain in- 
tervals when the water was drawn off 
and the muscle stimulated. f,^„^^ ^.-Showing the effect oE «at« on 

_, . ,„. , , contraction and condaction in the curarized 

The tracings (Fig. 2) show f,og.„a„„,i^. a. Contracrtons of .he part 
that the part of the muscle in in water on direct stimulation. B. Contrac- 
water gradually shortens and ''O"' '>* 'he part not in water on stimulation 
I _._ ..I.- _j 1 of tlie part in water. The stimulations are 

loses contractility and also con- . .... , 

' at one mmute intervals. 

ductivity, as measured by con- 
tractions in the upper half of the muscle, so that in about twenty 
minutes all visible contractions in both parts of the muscle have 
ceased. On stimulating the upper part of the muscle directly, there 
were strong contractions. After this the rigid half was again stimu- 
lated with gradually increasing currents. When the maximal limit 
for stimulation, as determined above, was exceeded, the upper half of 
the muscle gave full contractions. But these were due to the spread 
of the current and not to physiological conduction, for after crushing 
the muscle with the clamp the contractions persisted. This agrees 
with the results of Kaiser, and is not necessarily contrary to those of 
H. E. Hering.' 

It would seem, therefore, that the conclusions of Biedermann and 
of Engetmann do not follow from their observations. 

In order to avoid the above three sources of error, an effort was 
made to study microscopically the effect of water on contractility 
and conductivity in an isolated muscle fibre of several cm. in length. 

Two shallow cells were constructed of parafRn side by side on a glass slide 
which was placed on the stage of a microscope. One cell was filled with dis- 
tilled water ; the other with 0.07 per cent NaCl or with Ringer's solution. Next 
> Bering: Archiv fiirdie gesammte Physiologie, 1901, Ixxxvi, p. 549. 
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the fibres of the retractor were separated by the aid of a microscope. This 
muscle was used on account of the great length of its fibres. Various methods 
for isolating a fibre were tried. The stripping method, which was the most 
successful, consisted in separating the fibres at one end of the muscle and then 
splitting them apart throughout their entire length. For this purpose fine 
pointed forceps were most useful. A single fibre thus isolated was placed on 
the slide with its anterior third submerged in the cell containing the solution; 
its middle third in the distilled water cell, while the 
posterior third was laid across two small electrodes con- 
nected with the secondary cell of an induction machine. 
On stimulation no change was observed in any of the 
Ficurl3. — Cross sec- preparations consisting of a single fibre. This negative 
lion of a strip of result may be due to injuries during the process of iso- 

elevenmuscle fibres, ... _ , ,,...,. i 

abouiScm inlength '^^'O". Tor when a number of small stnps of muscle 
used to test the eflect tissue containing only a few fibres and several cm. in 
of water on contrac- length (Fig. 3), was prepared in the same way, strong 
tility and conductivity contractions were observed in aU the fibres of some of 
in skeJelal muscle. 

the strips, although only a somewhat small proportion of 
strips were successful. This was also due to unavoidable injuries. In order 
to minimize the danger of conduction through the intramuscular nerves, the 
strip was taken from the upper edge of the muscle where there are terminal 
nerve fibres only. For the same reason the electrodes were placed on the 
posterior end of the strip so that when it was stimulated the impulse would 
travel in the muscle opposite to the direction of the nerve fibres. 

The experiment showed that the part oE the fibres acted upon by 
the water gradually lost their contractility and conductivity in the 
same measure in which they became swollen and opaque. All visible 
contraction had disappeared in about three minutes. Conduction 
through that part of the fibres in the water, as judged by the con- 
tractions of the part in the saline solution, ceased at the same time. 

Therefore it is probable that when skeletal mtiscle goes into water 
rigor, it loses both contractility and conductiiiity at practically the same 
time. 

My thanks are due Dr. A. J. Carlson for suggesting the problem 
and for assistance in the work, and to Professor Stewart for criticism 
of the manuscript. 
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THE CHEMISTRY OF THE PROTEIN BODIES OF THE 
WHEAT KERNEL. — PART II.' 

PREPARATION OF THE PROTEINS IN QUANTITY FOR 
HYDROLYSIS. 

By THOMAS B. OSBORNE and ISAAC F. HARRIS. 

[Frmi tit Labcratery of the Connecticut Agricultural Experiment Station^ 

THE recent advance in our knowledge of the several decomposi- 
tion products of the proteins and the methods for determining 
theiramount has given us a new means for differentiating our various 
proteins and establishing their individuality. As the first step in 
this direction, we have undertaken the present work, and in this 
paper describe the methods which we have used in preparing our 
material for hydrolysis. 

Before undertaking to determine the nature and amount of the 
products yielded by proteins when decomposed by boiling with strong 
acids, it is essential that the large quantity of material necessary for 
this work shall be as pure as possible, both as respects admixture 
with non-protein as well as with other protein substances. We have 
therefore endeavored to make preparations of the wheat proteins to 
be used for a study of their decomposition products of the highest 
degree of purity which our experience with them has made possible. 
In regard to the chemical' individuality of the several wheat proteins 
which have been studied in the past in this laboratory we refer to 
papers already published which deal with this subject." Although 
positive evidence of chemical individuality of protein substances can- 
not, with the means at present available, be obtained, there can be 

' The expenses of this investigation were shared by the Connecticut Agricul- 
tural Experiment Station and the Carnegie Institution of Washington, D. C. 

' Osborne and Voorhees : American chemical journal, 1893, xv, p. 392; 
Ibid~, 1S97, xix, 236; Journal American Chemical Society, 1900, xxii, 379; This 
journal, 190J, xiii, p. 36. 
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no question that protein substances can be isolated from seeds and 
animal tissues which are beyond doubt distinctly different substances. 

Thus five unquestionably different forms of protein, differing 
in composition, solubility, and physical characters, can be isolated 
from the wheat kernel. Whether each of these is itself a chemical 
Individual or a mixture of two or more very similar substances cannot 
at present be asserted. All that can be said is that it has not yet 
been possible to separate them into fractions the properties of which 
indicate a mixture. 

Owing to the extreme sensitiveness of proteins to the action of 
acids, alkalies, and salts, minor differences in solubility are not to be 
depended upon as a basis for characterizing individual proteins. 
Thus the protein edestin, which in pure water is entirely insoluble, in 
the presence of a slight amount of acid is freely soluble therein. The 
addition of a small quantity of a neutral salt throws the protein out of 
this acid solution, while a larger quantity of salt at once redis- 
solves it. 

Such , differences in solubility have nothing to do with the protein 
molecule proper, but depend on the formation of protein salts, the 
solubility of which is different from that of the free protein itself. 
As the formation of such protein salts depends on conditions that 
in most cases cannot be taken into account, such differences in 
solubility cannot be made a basis for characterizing the different 
individual proteins. We are therefore limited in dealing with such 
problems to the more marked differences in solubility, such as that in 
alcohol, strong saline solutions, or alkalies, and to constant ultimate 
composition of successive fractional precipitations. 

Thus, when proteins have been separated into fractions which have 
the same composition, general solubility, and physical properties, we 
are not justified in concluding that we have in hand a single individ- 
ual protein. All we can conclude is that wfa have reached the limit of 
separation attainable with the means now available, and that for the 
present we must accept such products as the simplest units with 
which we can now deal and which for the present must serve as our 
basis for further study. If, on the other hand, protein preparations, 
characterized in the manner above described, show distinct and con- 
stant differences from one another, we are justilied in considering 
them to be different substances. 

That the wheat kernel contains at least five such distinct protein 
substances has been shown by extensive researches in this laboratory, 
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the first of which ^ described the isolation of each of these and gave 
the results of attempts to establish their individuality, so far as the 
means then available permitted. 

The proteins described were gliadin, insoluble in neutral aqueous 
solutions but distinguished from all the others by its ready solu- 
bility in neutral 70 per cent alcohol; glutenin? a protein having a 
similar elementary percentage composition to gliadin, soluble in 
very dilute acid and alkaline solutions but insoluble in dilute 
alcohol or neutral aqueous solutions; letuosin, an albumin-like 
protein, freely soluble in pure water and coagulated by heating its 
solution to 50°-6o°; a globulin similar in composition and prop- 
erties to many gobulins found in other seeds; and one or more 
proteoses which were present in very small quantity. In a later 
paper' the proteins obtained from the embryo of the wheat were 
described, and it was there shown that the globulin, albumin, and pro- 
teose above mentioned formed nearly all of the protein substance of 
this part of the seed. It thus appeared that these three proteins 
were contained chiefly in the embryo, and that gliadin and glutenin 
formed nearly the whole of the proteins of the endosperm, or over 90 
per cent of the total protein matter of the seed. 

Preparation of the Albumin, Leucosin. 

The embryo of the wheat contains about 10 per cent of leucosin, 
while the whole kernel yields about 0.3 to 0.4 per cent. The com- 
mercial wheat-germ meal, which consists almost wholly of the embryo, 
together with a small amount of endosperm and bran, was therefore 
used in preparing the leucosin in quantity. The freshly ground meal 
was extracted with water, and, as the gummy solution could not be 
filtered within a reasonable time, an equal volume of saturated ammo- 
nium sulphate solution was added. The precipitate thus produced 
was filtered out, dissolved in water, the Solution filtered perfectly 
clear, and the leucosin coagulated by heating the dilute solution to 
65° in a water bath at 70°. As the only other protein substance 
present in this solution was a relatively insignificant quantity of pro- 
teose, the product obtained was practically free from any other pro- 

' Osborne and Voorhees : American chemical journal, 1893, xv, p. 392. 
* This is the protein which Ritthausen called gluten-casein. 
' Osborne and Campbell : Journal American Chemical Society, 1900, xitii, 
P- 379- 
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tein. This coagulum was thoroughly washed with ,hot, water, in 
order to remove any admixed proteose, and dehydrated with absolute 
alcohol. The preparation formed a light white powder.' In physical 
properties and elementary composition leucosin resembles the pro- 
teins of animal tissues more nearly than the reserve proteins of the 
endosperm. It is much less stable than the latter and more readily 
converted into an insoluble product. 

Elementary Composition op Leucosin. 

Carbon SJ-^^ per cent. 

Hydrogen .... 6.84 " " 
Nitrogen .... 16.80 " " 

Sulphur i.i8 " " 

Oxygen 2»,o6 " " 



Proteins of similar composition and properties to leucosin occur in 
small quantity in many cereals and legumes, and it is possible that 
these, like most of the animal proteins, form a part of the physiologi- 
cally active tissue of the embryo and serve a different purpose in the 
metabolism of the seed from that of the reserve protein of the endo- 
sperm. It is therefore a matter of interest to compare the results of 
quantitative determinations of its decomposition products, both with 
those of the endosperm proteins and with those of proteins from 
physiologically active animal tissues. 

Preparation of the Globulin. 

Whole wheat flour, when treated with 10 per cent sodium chloride 
solution, yields to the latter about 0.6 per cent of protein, which, on 
dialysis, is thrown down in the form of minute spheroids that are for 
the most part readily soluble again in sodium chloride brine. This 
protein has the properties characteristic of a large number of globu- 
lins obtained from other seeds and also resembles these in composi- 
tion. Whether this resemblance extends further we do not at present 
know. We hoped therefore to be able to obtain 3 sufficient amount 
of this protein to enable us to make quantitative determinations of 
its several decomposition products, but in this we were disappointed. 
Owing to the small proportion in which this globulin is obtained from 
the flour of the entire seed, it is not practicable to prepare large 
quantities of it therefrom. We have therefore used freshly prepared 
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embryo meal from which the globulin can be extracted in consider- 
able quantity. Unfortunately, when thus extracted, it is combined 
with triticonucleic acid, although the preparations from the entire 
seed contained none of this acid. Our attempts to separate the 
globulin from the nucleic acid resulted in such great loss that we 
were compelled to abandon our efforts to prepare sufficient quantities 
for the present investigation. 



The Proteoses, 

Aqueous extracts of the wheat flour always contain a small propor- 
tion of protein matter which closely resembles in its properties the 
substances which are obtained by the action of pepsin-hydrochloric 
acid on native proteins. It is probable that these are to some extent, 
if not wholly, due to the action of the enzymes of the seed on the re- 
serve proteins of the endosperm, as well as on the tissue proteins of 
the embryo. As we have no means of determining the origin of these 
proteoses or of separating the mixture into products of probable 
chemical individuality, we have made no attempt to prepare them for 
further investigation. 

Gliadin. 

This important protein has been the subject of the first paper of 
this series' in which we reviewed the literature relating to gliadin pub- 
lished since 1893 and gave our reasons for rejecting such evidence 
as had been presented concerning the existence of more than one 
alcohol soluble protein in this seed. We also showed that fractional 
precipitates of gliadin from alcoholic solutions of various concentra- 
tions yielded similar proportions of glutaminic acid. 

There being no sufficient evidence that more than one alcohol sol- 
uble protein occurs in the wheat kernel, we have made no attempt, in 
preparing large quantities of gliadin for our present investigation, to 
subject the protein matter extracted by alcohol to any fractional pre- 
cipitation, but have undertaken to separate it as completely as pos- 
sible from all other substances soluble in water, alcohol, and ether. 

Wheat flour, unlike that of any other known seed, when mixed 
with sufficient water, forms a doughy mass which, on kneading in a 
current of water, yields to the latter nearly all the starch and water 

' Osborne and Harris : This journal, 190J, xiti, p. 35. 
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soluble substances and finally assumes a coherent and elastic charac- 
ter. This latter product is " wheat gluten," and consists of a mixture 
of two proteins, gHadin and glutenin, together with more or less of 
the other constituents of the seed. 

We have prepared the gliadin for this investigation entirely from 
gluten, as thereby the water-soluble constituents of the seed are more 
completely removed than by any other method of preparation which 
can be readily used on a large scale. The wheat flour was kneaded 
into dough in a domestic "bread mixer," and then under water in a 
specially constructed kneading-machine. After frequently decanting 
and renewing the water, a thoroughly coherent gluten was obtained. 
This was washed practically starch free in a current of water and, 
while moist, was ground by passing through a " drug press" which 
we found to be the most ready means of reducing it to comparatively 
small pieces. The ground gluten was then extracted with alcohol of 
such strength that, with the combined water of the gluten, a solvent 
of 60-70 volume per cent resulted. The extracts were filtered per- 
fectly clear, through thick felts of filter paper pulp, and the water- 
clear solution, free from any trace of opalescence or turbidity, was 
evaporated to a small volume on a water bath. The thick syrup that 
resulted was cooled and then poured, with constant and rapid stirring, 
into a large volume of distilled ice water containing a very little 
sodium chloride. The gliadin was thus precipitated as a filament, 
which, on stirring, united to a coherent plastic mass. This gliadin 
was next dissolved by stirring with strong alcohol until all had gone 
into solution, the water combined with the precipitated gliadin being 
sufficient to dilute the alcohol to the proper degree. The resulting 
solution was evaporated to a thick syrup, absolute alcohol being added 
from time to time in order to hold the gliadin in the solution, since 
this, during the evaporation, became constantly more aqueous. The 
thick syrup was then poured in a very line stream into a large volume 
of absolute alcohol, under rapid and constant stirring. In this way a 
porous mass of protein was obtained which was at once reduced to 
small pieces and digested under fresh absolute alcohol. When well 
dehydrated, the gliadin was digested with ether, partially dried over 
sulphuric acid, ground to a coarse powder, and then dried thoroughly 
over sulphuric acid. When thus prepared, gliadin forms a snow-white, 
friable mass which is easily reduced to a powder. If dried by slow 
evaporation of its solution in dilute alcohol, it forms perfectly 
clear, transparent sheets that closely resemble pure animal gelatin. 
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In consequence of this property gtiadin was long known as plant 
gelatin. 

In cold water gliadin is slightly soluble, especially if a very little 
acid is present. It is most probable that this solubility is due to the 
formation of soluble gtiadin salts, and that the apparent slight solubil- 
ity of preparations obtained in the above manner is due to the exist- 
ence of such salts in the seed or to their formation during extraction. 

Gliadin is insoluble in absolute alcohol and, so far as known, in all 
water-free organic liquids with the exception of glacial acetic acid. 
In aqueous alcohol it is soluble, the degree of solubility increasing 
with the amount of water until this reaches 30-40 percent and then 
diminishing. The elementary composition of gliadin is shown by the 
following figures, which are averages of many accordant analyses of 
numerous fractional precipitations which have been made in this 
laboratory. 

Percentage Composition of Gliadin. 

Gliidin-wheal \ Gliadin-rf e ; 

av. 25 analytCB. av. 13 analyses. 

Carbon 5'-72 S*-?* 

Hydrogen .... 6.86 6.84 

Nitrogen 17.66 i?-?^ 

Sulphur 1. 14 I-3I 

Oxygen 21.62 31.48 



Gluten IN. 

Glutenin was prepared from the residue of the wheat gluten after 
extracting the gliadin by alcohol. This residue was dried at room 
temperature and then ground to a piowder which was extracted first 
with absolute alcohol and then with ether as long as either solvent re- 
moved anything from it. The alcohol was then removed at room 
temperature and the residual powder treated with just enough a2 per 
cent solution of potassium hydroxide to dissolve it. The resulting 
turbid solution was then filtered perfectly clear and neutralized with 
very dilute hydrochloric acid. The precipitate produced was extracted 
with 70 per cent alcohol as long as any gliadin was removed, then 
thoroughly dehydrated with absolute alcohol and dried over sulphuric 
acid. 

When thus prepared, glutenin has the following composition: — 
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Pekckntage Composition of Glutenin 
Carbon S''34 



Hydrogen . . 


. . 6.83 


Nitrogen . . . 


■ ■ 17-49 


Sulphur . . . 


. . 1.08 


Oxygen . . . 


. . 22.26 



Unless the solution from which glutenin is precipitated is filtered 
perfectly clear, the product obtained contains much less nitrogen and 
more carbon. This fact is discussed in a former paper from this 
laboratory.' 

The agreement in composition between glutenin and gliadin is close, 
and has in the past led several investigators to consider them to have 
a common origin or to be derived one from the other. That this is 
not so was first proved by Kossel and Kutscher,^ who found lysine 
among the decomposition products of glutenin, but none among those 
of gliadin. This difference has been still further emphasized by the 
results of our present investigation which shows marked differences 
in the proportion of several of the decomposition products. 

' Osborne and Voorhees: American chemical journal, 1893, xv, p. 455. 
* Kossel and KutSCher: Zeitschrift fur physiologische Chemie, 1901, xxxi, 
p. 165. 
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THE CHEMISTRY OF THE PROTEIN BODIES OF THE 
WHEAT KERNEL. — PART III.' 

HYDROLYSIS OF THE WHEAT PROTEINS. 

By THOMAS B. OSBORNE and S. H. CLAPP. 

IFroia Iht LahBratBty of tht Coimictkut Agricultural Experiment Slalion^ 

THE extensive use of wheat flour makes it of great importance 
to know as much as possible regarding its chemistry and espe- 
cially regarding the chemistry of its protein constituents. This is of 
importance not only in relation to problems of vegetable chemistry 
and physiology as well as to problems of protein chemistry, but 
especially so in connection with the nutrition of man. In connection 
with the latter question it has become of fundamental importance to 
know the nature and proportion of the products which the food pro- 
teins yield when decomposed by boiling acids, for the recent progress 
in our knowledge of digestion has shown that the digestive enzymes 
convert the food protein very largely into the same substances as 
those produced by boiling acids. These final products of hydrolysis 
are consequently the units with which the process of assimilation 
chiefly deals. 

Furthermore, as the wheat kernel is the only seed from which prac- 
tically all of the protein constituents have been isolated and of which 
we have the most definite knowledge both in respect to their kind 
and proportion, it is especially desirable to supplement our present 
knowledge by as full information as possible concerning the primary 
decomposition products of these proteins in order that something in 
regard to their structural relations may be known and the kind and 
amount of the possible products of the metabolism of this seed may 
be ascertained. 

The investigation of this problem has accordingly been undertaken, 
the results of which are given in the following pages. 

' The expenses of this investigation were shared by the Connecticut Agricul- 
tural Expieriment Station and the Carnegie Institution of Washington, D. C. 
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As stated in Part II of this series of papers,' gliadin, glutenin, and 
leucosin are the only proteins of the wheat kernel which could be 
obtained in sufficient amount for such quantitative estimations of their 
decomposition products. 

The determinations of the mono-animo acids have been made, for 
the most part, according to the methods recently proposed by E. 
Fischer,'' and those of the bases essentially according to the methods 
given by Kossel and his associates.^ The general plan of these 
analyses has been that followed by Abderhalden^ in analyzing 
oxyhfemoglobin. 

In carrying out this work care has been taken to make the identi- 
fication of the substances determined as complete as possible, and 
to weigh only such products as examination showed to be essentially 
pure, so that the figures given in the following table are to be taken 
as minimal, except possibly those given for prolin, which may be 
slightly too high owing to the well-known difficulty of separating all 
of the other animo-acids from its alcoholic solution. 

The results of these analyses are given in Table I. 

The analyses show that these three proteins are distinguished from 
one another by differences so great that there can be no question that 
decided differences in structure exist between them. Thus gliadin 
differs from glutenin and leucosin by yielding no glycocoll and lysine 
and much more prolin and glutaminic acid. Gliadin and glutenin each 
yield very much more glutaminic acid and ammonia than leucosin 
and less leucine. In respect to the amount of these amino-acids, leu- 
cosin more nearly resembles the animal proteins than the seed pro- 
teins thus far examined, and in this connection it is interesting to 
note that leucosin occurs chiefly if not wholly in the embryo of this 
seed and is probably one of its " tissue " proteins, in contrast to the 
" reserve " proteins of the endosperm of which gliadin and glutenin 
form the chief part. 

Glycocoll is not given among the products of hydrolysis of gliadin, 
for careful, efforts to detect its presence in the preparation used for 
this analysis failed. Another hydrolysis of another lot of gliadin pre- 
pared in essentially the same way did yield 0.02 per cent of glycocoll, 

' Osborne and Harris : ThU journal, 1906, xvil, p. 245. 

' Fischer, E.: Zeitschrift fiir physiologische Chemie, 1901, xxxiii, p. iji. 

* Kossel and Kutscher: Ibid., 1900, xxxi, p. 161; and Kossel and Patten: 

Ibid,, 1903, xxxviii, p. 39. 

* Abderhalden: Ibid., 1903, xxxvii, p. 484, 
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Gtiadin.i Glutenin. 


Leucosin. 


Glycocoll 

Alanine 

Amino- valerianic acid . . 

Lencine 

a prolin . - 

.phen)l alanine 

Aspariicacid 

Glutaminic acid 

Serine 

Tyrosine 

Cystine 

Oxyprolin 

Lysine 

Hislidine 

Arginine 

Ammonia* 

Tryptophane' 


2.00 
0-21 
5A1 

7.06 
2J5 

0.58 
37.33 
0.13 
1.20 
0,45 
.... 

aoo 
a6i» 

3.16 
5.11 
present 


"0.89 
4.65 
0.Z4 
5,95 
4.23 
1.97 
091 

23.42 
0.74 
4.25 
0.02 

1.92 
1.76' 

4.72 
4.01 


p. wit 

0.94 

4.45 

ai8 

11.34 
3.18 
3.S3 
3J5 
6.73 

3.34 

Z.7S 
2.83' 
5.94 
1.41 


Total 


65.81 


5966 


sa32 


> After thU analysis of gliadin was nearly finished, Abdekhaldkn and Samuelv 
(Zeitschrift fur physiologische Chemie, 1905, iliv, p. 276) published an analysis of 
this protein. As their preparation yielded 12 per cent of humus while ours yielded 
only traces, and as iheir results differed from ours in several respects, we thought 

■ See page 244. » See page 257, 

< Cf. OsHOKNE and Harris; Journal American Chemical Society, 1903,iKv,p.323. 

' OsBORNB and Harris ; Ibid., 1903. »xv, p. 853. 



the identity of which was certainly established. This small quantity 
was most probably due to a small admixture of glutenin in the gliadin 
used for this determination, which may have been dissolved in very 
small amount by the large quantity of dilute alcohol used for extract- 
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ing the gliadin. A contamination of this preparation with 2 per 
cent of glutenin would have sufficed to give the amount of glycocoll 
found. The amount of prolin yielded by gliadin is larger than that 
as yet obtained from any other protein, those coming nearest being 
the albuminoids spongin and gelatin. As the amount of prolin from 
glutenin is relatively high, the wheat proteins as a whole, so far as we 
yet know, are particularly rich in this peculiar amino>acid. 

Glutaminic acid is the chief product from the endosperm pro- 
teins of this seed, gliadin yielding more of this acid than any protein 
yet examined and, so far as known, very much more than the average 
of our food proieins. The average amount of glutaminic acid from 
the total protein matter of this seed is more than 30 per cent. The 
yield of ammonia is likewise relatively very high, more than 4.5 per 
cent for the total protein, while the aggregate amount of hexone bases 
is correspondingly small. In respect therefore to the proportion of 
several of their decomposition products, the wheat proteins present 
marked and important differences from other food proteins. 

Hydrolysis of Gliadin. 
Eleven hundred grams of gliadin equal to 998.6 gm., dried at 110°, 
were heated with a mixture of 1000 c.c. of concentrated hydrochloric 
acid and 1000 c.c. of water on the water bath for several hours, until 
the gliadin had dissolved and frothing had ceased. The solution was 
boiled in an oil bath having a temperature of 115" for ten hours, 
cooled with ice, and saturated with gaseous hydrochloric acid. After 
remaining on ice for two days, the glutaminic acid hydrochloride that 
had separated was filtered out, washed with ice-cold alcoholic hydro- 
chloric acid, dissolved in water, the solution treated with bone black 
and freed from ammonia by boiling with an excess of barium 
hydroxide. After removing the barium with an equivalent amount 
of sulphuric acid, the glutaminic acid was separated as hydrochloride, 
and, when recrystallized and thoroughly dried, weighed 374.3 gm., 
equivalent to 300 gm. of free glutaminic acid. This was converted 
into the free acid, which melted at 2Q2,°-20'>,° . 

Carbon and hydrogen, 0.6218 gm. subst,, gave 0.9276 gm. COj and 0.3494 gm. 

HsO- 
Nitrogen, 0-4574 gm. subst. gave NHa = 4.3 ^■*^- HCI (i c.c. HCI = o.oi 
gm. N). 
Calculated for CcH.O.N = C 40.78 ; H 6.18 ; N 9.54. 
Found .... =C 40.69; H6.!4; N 9.40. 
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The mother liquor from the recrystaltized glutaminic acid was 
added to the filtrate from the first separation of the glutaminic acid, 
and the entire solution concentrated to a syrup under strongly 
reduced pressure. Three litres of alcohol, previously saturated with 
hydrochloric acid at a low temperature, were added to the syrup, and 
dry hydrochloric acid gas was passed into the solution until it was 
saturated. The mixture was again concentrated as before, under 
reduced pressure, the syrup again taken up in three litres of alcoholic 
hydrochloric acid, and, after standing several hours, again concen- 
trated to a syrup, taken up in alcoholic hydrochloric acid and, after 
some hours, concentrated to a syrup on a bath of 40" and under a 
pressure of from 5 to 10 mm. The neutralization, extraction, and 
drying of the esters were conducted according to the method 
described by Emil Fischer.' 



Fracrion. '^""Ppf^^"' 

II .00= 

III izo° 

IV 160° 


Vapor. 

75-76° 

Total 
eighed 




Pressure, 

0.8 " 
0.8 « 


Weight. 
28.18 gm. 

47-03 " 

64.68 " 

40.00 " 

. 1 79.89 " 


undistiUed residue w 


180.0 gm. 





The residue, which remained after extracting the esters with ether, 
was made strongly acid with hydrochloric acid, freed from sodium 
and potassium salts by repeated evaporations with alcoholic hydro- 
chloric acid, and thorough extraction of the precipitated chlorides 
with the latter. The alcoholic solution of the chlorides of the amino- 
acids was evaporated to a syrup, and esterification repeated as in the 
first instance. After extracting the esters with ether and drying 
them, the entire process was repeated, and the ethereal solution of the 
esters resulting from this third treatment was united with that from 
the second, thus following the method applied by Abderhalden to 
oxyhemoglobin. ^ 

' Fischer, Emii.: Zeitsclirift fiir physiologische Chemie, 1901, xxxiii, p. 151. 
' Abderhalden: Ibid., 1903, xxxvii, p. 4S4, 
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ip of balh 
jpto 


Pressure. 


Weighl. 


83° 


iz.o mm. 


20.13 gra- 


100° 


12,0 " 


36-8' '* 


IiO° 


0.8 " 


62.70 ■' 


too" 


0.8 " 


33-«' " 


Total 




. ,52,64 " 



Fiaotton I, Distillation A. — This was saponified at once by 
evaporation with concentrated hydrochloric acid on a water bath, the 
residue taken up in alcohol, the solution saturated with dry hydro* 
chloric acid gas, and a crystal of glycocoU ester hydrochloride added. 
After prolonged standing on ice no separation occurred. 

The solution was then evaporated on the water bath with concen- 
trated hydrochloric acid, the latter removed with lead oxide and the 
lead with hydrogen sulphide. The amino-acids were subjected to 
fractional crystallization. 

FraotloD I, Distillation B was treated in substantially the same 
way, but although several attempts were made to isolate the hydro- 
chloride of glycocoll ester, none was found. By systematic fractiona- 
tion there were obtained from fraction I of the two distillations, A 
and B, 6.68 gm. alanine and 0.86 gm. leucine. 

The leucine, when recrystallized from dilute alcohol, decomposed 
at about 298°, 

Carbon and hydrogen, 0.1778 gm. subst., dried at iio'.gave o.3577gm,COi 
and 0.160S gm. H,0. 
Calculated for C,H„OtN = C 54-89 ; H 10.01 per cent. 
Found .... = C 54.87; H 10.04 " " 

The alanine, when recrystallized by dissolving in a little hot water 
and graduaOy adding alcohol, decomposed at about 290°, 

Carbon and hydrogen, 0.2404 gm. subst., dried at 110°, gave 0.3571 gm. COj 

and 0.1712 gm. H,0. 
Nitrogen, 0.3980 gm, subst. gave NHj equal to 6.2 cc. HCl (i c.c. HCI = 
0.0. gm. N). 
Calculated for C»H,0,N = C 40.40; H 7.93 ; N 15.75 per cent. 
Found . . . . = C 40.51 ; H 7.91 ; N 15.58 " " 
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Fraotion II. — Temp, of bath to loo^ Pressure, 12 mm. Weight, 
83.84 gm, — Distillations A and B. Each was saponified by boiling 
for five and one-half hours with five parts of water. 

The solution was evaporated to dryness under reduced pressure, 
the dried residue boiled up with absolute alcohol, and 13.37 g"i- "'^''^ 
dissolved. This solution was united with a similar one obtained 
from fraction III. The substance, insoluble in alcohol, after syste- 
matic fractional crystallization, gave 

I. 22.1 gm. of leucine, which decomposed at about 298° and had the 
following composition : 

Carbon and hydrogen, 0.3128 gm. subst., dried at 110°, gave 0.6310 gm. COi 
and 0.2794 gm. H;0. 
Calculated for C.HuOjN = C 54.89 ; H 10,01 per cent. 
Found . . . . = C 55.01 ; H 9.92 " " 

II. A fraction of 3.45 gm. which by fractional crystallization 
could not be further separated and gave results on analysis which 
agreed best for a mixture of leucine and amino-valerianic acid. 

Carbon and Hydrogen^ 0.1857 gm. subst., dried at 110°, tjave 0.5519 gm. CO3 
and 0.2577 gm. H,0. 
Calculated for equal molecules of leucine and amino- valerianic acid 
= C 53.05; H 9.74 per cent. 
Found . . . . = C 52.68 ; H 10.02 " " 

III. 2.1 gm. substance which had the properties and composition 
of amino-valerianic acid. 

Carbon and hydrogen, I. aaiis gm. aubst. dried at 110°, gave 0-3957 S"'- 

CO, and o. 1870 gm. 11,0. 
II, 0-4597 gm- subst., dried at 110°, gave a8643 gm. CO, and 0.3956 

gm. H,0: 
Calculated for CtHnOiN = C 51.22 ; H 9.48 per cent- 

Found . . !"=,'; 5- "^i"'-'; :: :; 

ill =C 51.27; H 9.56 " " 

Speoiflo rotation. — Dissolved in 20 per cent hydrochloric acid 
(a) ^ = -1-25.79''. E.Fischer and Dorpinghaus' found -1- 25.9° for their 
preparation from horn, and Schuize and Winterstcin* found -I- 28.2° 
and + 27.9° for preparations from lupine seedlings. 

' Fischer and DOrpinghaus: Zcitschrift fiir physiologische Chemie, 1902, 
xxxvi, p, 462. 

' SCHULZE and WlNTERSTElN : Ibid., 1902, xxxv, p, 300. 



,v Google 



238 Thomas B. Osborne and S, H. Clapp. 

The chlorine was removed from the solution used for determining 
the specific rotation, and the substance racemized by heating with 20 
c.c. of water and 7 gm. of crystallized barium hydroxide for 19 hours 
in an autoclave at 175°. The barium was quantitatively removed 
with sulphuric acid, and the a-naphtyl-hydantoic acid prepared accord- 
ing to the directions of Neuberg and Manasse.^ This crystallized in 
long needles and melted constantly, on repeated recrystallization from 
40 per cent alcohol at i8o''-i8i''. 

Carbon and hydrogen, 0.3335 gm. subst., dried at 90°, gave 0.7936 gm. CO, 
and 0.1909 gni. HgO. 
Calculated for Ci,H„0,Nj = C 67.07 ; H 6.35 per cent. 
Found =066.90; H 6.56 ■' " 

By racemizing the remaining mixture of undetermined amino- 

acids we were unable to isolate any more amino-valerianic acid. 

IV. 8.6 gm. alanine. — This was racemized by heating with an 

excess of barium hydroxide and coupled with a-naphtylisocyanate 

according to the directions of Neuberg and Manasse." 

The hydantoic acid, which crystallized in prisms, melted at 197'.^ 
Carbon and hydrogen, 0.3146 gm. subst, dried at 110°, gave 0.7480 gm, COi 
and 0.1560 gm. HjO. 
Calculated for CHhObNj = C 65.06 ; H 5.48 per cent. 
Found =064.84; H 5.51 " " 

Fiaotlon III. Temp, of bath up to 120". Pressure, 0.8 mm. 
Weight, 127.38 gm. This fraction was boiled for five and one-half 
hours with eight parts of water. The solution, evaporated to dryness 
under reduced pressure, gave 98 gm, of amino-acids or 80 per cent of 
the esters. Of this 5994 gm. were soluble in alcohol. From the 
part insoluble in alcohol, by systematic fractional crystallization there 
were isolated 33.06 gm. of leucine and 4.57 gm. of alanine. The 
leucine decomposed at about 298°. 
Carbon and hydrogen, 0.3416 gm. subst., dried at 110°, gave 0,487a gm. COa 

and 0.3166 gm. HjO. 
Nitrogen^ 02690 gm. subst, gave NH, = 2.85 c.c. HCI (i c.c. HCI = 001 
gm. N). 
Calculated for C,Hi,OtN = C 54.89 ; H 10.01 ; N 10.70 per cent. 
Found .... =054.99; H 9.96; N 10.59 " " 
> Neuberg and Makasse: Bericbte der deutschen cbemischen Gesellschaft, 
"90s, xxxviii, p. 2359. 

* Ibid. ■ tbid. 
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The alcohol soluble substance from fraction II was united with 
that from fraction III. The solution was evaporated to dryness under 
reduced pressure, the residue taken up in water and boiled gently for 
about an hour with an excess of copper hydroxide. The filtered 
solution was evaporated to dryness under reduced pressure and the 
residue boiled with absolute alcohol. The undissolved part was dis- 
solved in water, freed from copper by hydrogen sulphide, and the 
solution again evaporated to dryness under reduced pressure. The 
residue was boiled with absolute alcohol in which all of it dissolved. 
The alcohol was evaporated off under reduced pressure, the residue 
dissolved in 500 c.c. of water and again converted into the copper 
salt. By concentration 19.91 gm. of crystalline racemic prolin copper 
salt were obtained, which is equal to 13.98 gm. of a-proltn. This 
was recrysiallized from water and dried in the air. 

Water, o.TjZi) gm. subst., lost 0.0856 gm. HjO at 110°. 

Calculated for C.bHi.O.Nj Cii ■ ! H,0 = H,0 11.00 per cent. 

Found =HsO 10.98 " " 

Carbon and hydrogen, 0.6851 gm. subst, dried at 110°, gave 1.03 10 gm. COi 

and 0.3450 gm. H,0. 
Copper, 0.J926 gm. subst, gave 0.0799 gm. CuO. 

Calculated for Cn,HigO,N,Cu = C 41. 1 1 ; H 5.54 ; Cu 21.79 per cent. 
Found = C 41.04; H 5.59 ; Cu ai,8i " " 

The r-prolin copper salt was freed from copper with hydrogen sul- 
phide, its solution evaporated to dryness and the residue recrystal- 
lized from alcohol. After drying in vacuo over sulphuric acid the 
r-prolin melted at 203°-205''.' 



hon and hydrogen, 0.3373 g™- subst., gave 0.6434 gm. CO, and 


0.24S3 


gm. H,0. 




Calculated for CeH.OjN = C 52.11 ; H 7.90 per cent. 




Found .... =C 51.94; H8.08 " " 





The solution of the alcohol soluble copper salt was evaporated to 
dryness and left a residue of l-prolln copper salt which, dried at 120", 
weighed 71.62 gm, which is equal to 56.51 gm. of free l-a-prolin. 

Copper, 0.2850 gm. subst., dried at 1 10°, gave 0.0760 gm. CuO. 

Calculated for C,oH„0,NiCu = Cu 21.79 per "nt. 

Found = Cu 21.30 " " 

^ WlLLSTAETER, R. : Berichte der deutschen chemischen Gesellschaft, 1900, 
xxxiii, p, 1160; Fischer, Emil: Jbid., 1901, xxxiv, p. 4j8. 
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One-half of this prolin copper salt was freed from copper, and the 
prolin raccmized by heating with 1 50 c.c. of water containing 80 gm. 
of crystallized barium hydroxide for five hours at 150°. The barium 
was removed quantitatively with sulphuric acid, the solution concen- 
trated, and the prolin again converted into the copper salt. There 
was thus obtained 20.1 gm, of very nearly pure racemic a-prolin 
copper. 

Wafer, 0.3356 gm. subst., air dry, lost 0.0369 gra. HiO at 1 1 o". 
Copper, 0.2640 gra. subst., gave 0.0640 gm. CuO. 

Calculated forCioH,(OiN=Cu ■ a H,0 = HjO 11.00; Cu 19.40 percent. 
Found = HjO 11.00; Cu 19.35 " " 

The total crystalline racemic copper salt was equal to 41.96 gm. of 
r-o-prolin. 

From the other half of 1-prolin copper salt the free prolin was re- 
generated and recryst alii zed from alcohol. A small part only was 
obtained in a crystalline condition which melted at 2O5°-206'. 

Carbon and hydrogen^ 0.2729 gm. subst., dried over H,SO,. gave 0.5198 gm. 

CO, and 0.1977 gm. H^O. 
Nitrogen, 0.2453 gm. subst.. gave NH, = 2.95 c.c. HCl (1 c.c. HCI = o.oi 
gm. N), 
Calculated for CsHeOjN = C 52.12 ; H 7.90; N u.ao per cent. 
Found .... = C 51.9s; H 8.04; N 12.03 " " 

From fraction III there were isolated 4.57 gm. alanine, 33.06 gm. 
leucine, and 7a49 gm. a-prolin, including in this last that from frac- 
tion II which was not weighed separately. 



Fraction. 
IV, A 
B 


Temp, of bath lo 
160° 

200° 


Pressure. 
0.8 mm. 
0.8 " 


ViTeight. 
39.96 gm. 
33.00 " 






Total 




. . 7^-96 " 



This was treated with water and shaken out with ether according 
to the procedure described by Emil Fischer.^ 

The ether was carefully removed by evaporation and the residual 
phenylalanine ester saponified by dissolving in concentrated hy- 
drochloric acid, and evaporating on a water bath. The phenylalanine 
hydrochloride weighed 29.14 gm., equivalent to 23.87 gm. of free 

' Fischer, E. : Zeitschrift fiir physiologische Chemie, 1902, xxxvi, p. 274. 
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phenylalanine. The phenylalanine hydrochloride was recrystallized 
from strong hydrochloric acid. It was decomposed by evaporating 
with an excess of ammonia and the phenylalanine recrystallized from 
water. It melted, on slow heating, at 263°-265".^ 

Carbon and hydrogen, 0.3051 gm. subst, dried at 110°, gave 0.7322 gtn. COj 

and 0.1792 gm. H,0. 
Nitrogen, 0.3020 gm. subst. gave NH, = 2.53 c.c. HCl (i c.c. HCl = 0.01 
gm. N). 
Calculated for C»HnO,N = C 65.40 ; H 6.73 ; N 8.50 per cent. 
Found .... =€65.44; H 6.53; N 8.38 " " 

The aqueous layer was heated with an excess of barium hydroxide 
on a water bath for five hours. After standing sometime the barium 
salt that had separated was filtered out and decomposed by an equiv- 
alent amount of sulphuric acid. The solution on concentration 
yielded 5.76 gm. of aspartic acid. 

Carbon and hydrogen, 0.3866 gm. subst., driea at 110°, gave 0.5109 gm. COj 

and 0.1852 gm. HjO. 
Nitrogen, 0.3637 gm! subst. gave NH, = 3.78 c.c. HCl (i c.c. HCl = o.oi 
gm. N). 
Calculated for C,H,0,N = C 36.09 ; H 5.26 ; N 10.53 P^"" '^^^^ 
Found . . . . = C 36.04; H 5.3a ; N 10.39 " " 

The filtrate from the barium aspartate was freed from barium, con- 
centrated to small volume and saturated with hydrochloric acid. On 
prolonged standing a trace of phenylalanine hydrochloride separated, 
but no glutaminic acid hydrochloride was obtained. After removing 
the hydrochloric acid with silver sulphate and the sulphuric acid with 
barium hydroxide, the solution was boiled with an excess of copper 
hydroxide, but no copper salt could be separated from it, even after 
concentrating to a very small volume. The copper was then removed 
and the solution treated with bone black and, when concentrated in 
vacuo over sulphuric acid, gave crystals, which, on fractional crystal- 
lization from water, gave 0.42 gm. of serine, which, in an open capil- 
lary, browned at about 218° and decomposed to a brownish mass at 
about 240.° 

' Fischer, Ehil, and Abderhalden; Zeitschrift fUr physiologische Chemie, 
1902, xxxvi, p. 268', Erlenhever and Lipp: Annalen der Chemie, 1683, ccxix, 
p. 197- 
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Carbon and hydrogen^ o-^S?? g™- subst. dried at i io°, gave 0.3324 gm. CO» 
and 0.160Z gm. HjO. 
Calculated for CaH,0,N = C 34.24 ; H 6.73 per cent. 
Found .... =034.12; H 6.91 " " 

In the filtrate from the serine there was obtained about 5.32 gm. of 
crystalline substance from which nothing definite could be isolated. 

Distillation Residue. 

The residues from distillations A and B were dissolved in boiling 
alcohol and the solutions united. On cooling, 5.76 gm. of long hair- 
like crystals separated. 

The filtrate from this substance was freed from alcohol and saponi- 
fied by heating with 200 gm, of crystallized barium hydroxide ; the 
barium, removed, the solution concentrated under reduced pressure 
to small volume, saturated with hydrochloric acid, and, after standing 
on ice for some time, yielded 74.21 gm. glutaminicacid hydrochloride, 
equal to 59.46 gm.* 

The glutaminic acid hydrochloride melted at about 198" with 
effervescence. 

Carbon and hydrogen, o-iiOiZ gm. subst., dried over HjSO,, gave 0.4802 gm. 
CO, and 0.2056 gm. HjO. 
Calculated for CcHmO.NCl = C 33.67 ; H 5.50 per cent. 
Found =C 32.51; H 5.67 " " 

Speolflo rotation. — Dissolved in 20 per cent hydrochloric acid. 

, , 20' 

{«) ^ = + 31.47'. 

Fischer and Ddrpinghaus found +31.91° for a preparation from 
horn, + 30.45° from gelatin, and +28.20° for one from casein," 

The residue which remained after removing the esters with ether 
from the original solution of the products of hydrolysis was treated in 
the way described by Emil Fischer," for the isolation of oxy-prolin. 
The only substance, however, that could be isolated was serine, of 

' Abderhalden aDd Wells : Zeitschriftflirphysiologiache Chemie, 1905, xlvi, 
P- 31- 

^ Cf. P'tscHER, Emil, and DOrpinghaust Zeitschrift fiir phjsiologische 
Chemie, 1902, xxxvi, p. 47s. 

' Fischer, Emil : Berichi der deutschen chemischen Gesellschaft, 1902, xxxv, 
p. 2660. 
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which 0.87 gm. was obtained which browned at about 219° and 
decomposed at about 240". 

Carbon andhydrogm, 0.1987 gm. subst,, dried at 110°, gave 0.3743 gm. COj 
and o. 1844 gm. HjO. 
Calculated for C,H,0,N = C 34.34 ; H 6.73 per cent. 
Found .... =C 34-18; H6.85 " « 

In the filtrate from this serine /9-naphtalene-sulphone chloride 
failed to give any definite product. 

We thus isolated, in the two distillations, from fraction 1, 6.68 gm., 
from fraction II, S.59 gm., and from fraction III, 4.57 gm. of alanine 
or 19.84 gm. in all; from fraction II, 2.1 gm. of amino-valerianic acid; 
from fraction I, o.8€ gm., from fraction II, 22.10 gm., from fraction 
III, 33.06 gm. of leucine, — in all 56.02 gm. ; from fractions II and III, 
70.49 gm, of prolin;«from fraction IV, 23.47 S™- ^^ phenylalanine, 
5.76 gm. of aspartic acid, and 0.42 gm. of serine, and from the residue 
which remained after extracting the esters, a87 gm. of serine, or 1.29 
gm. in all. From the main solution of the total products of hydroly- 
sis we obtained 300 gm. of gluiamintc acid, and from the residues 
after distilling the esters 59.5 gm., or in all 359.5 gm. 

As the amount of prolin which we found in this hydrolysis was so 
great, we have undertaken to confirm our result by a second hydroly- 
sis, and have also made another effort to obtain givcocoll, which, if 
present in very small amount, might have escaped detection. 

For this purpose we hydrolyzed 500 gm. of gliadin. air dry, equal 
to 439.6 gm. dried at 110°, in the same way as in the preceding hy- 
drolysis. After esterifying and shaking out the esters three times, as 
before, the ether was removed by distillation at 760 mm. and the 
esters distilled. 



Temp, of bath 



Weight. 



5.00 " 




46.0S 


2.00 " 
0.88 " 


f 44-14 gm. 
I 15-70 " 


59-84 


0.88 " 




54-70 


.78 " 




39.69 


Total 




310.51 



Fraotiou I was immediately evaporated on the water bath with 
hydrochloric acid, the residue dissolved in alcohol, and the solution 
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saturated with dry hydrochloric acid gas. The solution was concen- 
trated to a small volume at a low temperature under a pressure of 
lo mm., the residue taken up in alcohol, its solution cooled to o", and 
saturated with hydrochloric acid gas. On prolonged standing 0.22 
gm. of glycocoll ester hydrochloride separated, which melted at 144'^ 
145'. Whenj mixed with pure glycocoll ester hydrochloride, the 
melting-point was unchanged. 

Chlorine, 0.1058 gm. subst. gave 0.1063 g™- AgCl = CI 24.86 percent. 
Calculatedifor C4H,„0iNCI = CI 15.40 per cent. 

Neither fraction II nor the ether distilled from the esters gave evi- 
dence of glycocoll. 

This preparation of gliadin did, in fact, contain a very small 
amount of glycocoll, which is possibly due to » slight contamination 
with glutenin, in which we have since found a notable quantity of this 
ami no-acid. 

Fmotioii II was saponified, and the solution evaporated, under 
highly reduced pressure from a bath at 40", and the residue extracted 
with alcohol, in which about 18 gm. dissolved. 

FraotloD III, by similar treatment, yielded 24 gm, of alcohol soluble 
substance. The alcoholic solutions were united and evaporated to 
dryness from a bath at 40°. The crystalline residue, when dried to 
constant weight in vacuo, weighed 39.59 gm. From this, by extrac- 
tion with alcohol, 8.7 gm. of substance insoluble therein were 
separated. 

We expect to return to the further examination of this prolin, but 
for the present we have accepted the weight of the substance soluble 
in alcohol as a measure of its amount.' 



Cystine. 

Three hundred grams of gliadin were digested for two to three 
hours at 85° with 900 c.c. of hydrochloric acid, sp. gr. 1,19, and the 
solution boiled for three hours. This was then concentrated to a 
syrup under diminished pressure, diluted to 900 c.c. with cold water 
and neutralized with 50 per cent sodium hydroxide solution. After 

> Emil Fischer employs this method for eaiimating the proportion of prolin 
in proteins, but stales that the result obtained is too high (Berichte der deutschen 
chemischen Gesellschaft, [906, xxxix, p. 530). 
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boiling with a large amount of bone black and concentrating to 80O 
C.C., much substance separated which was recrystallized from about 
300 c.c. of water. The recrystallized product was dissolved in five per 
cent sulphuric acid and precipitated by mercuric sulphate solution.^ 

The mercury precipitate was decomposed by hydrogen sulphide, 
the solution freed from hydrogen sulphide, neutralized with sodium 
hydroxide and acidified with acetic acid. On standing, cystine sepa- 
rated from the solution in hexagonal plates, and by adding alcohol to 
the filtrate more was obtained. When no more cystine could be thus 
obtained, the precipitation with mercuric sulphate was repeated. By 
several repetitions of this process 1.18 gm. of cystine were finally 
isolated, which, when recrystallized by dissolving in dilute ammonia 
and acidifying with acetic acid, gave the following analysis : 

Carbon and hydrogm, 0.3063 gm. subst., dried a.t 110°, gave 0.3379 gm. 
CO, and 0.1444 S*"- H,0. 
Calculated for C»H,,04N^ = C 29.96 ; H 5.04 per cent. 
Found =030.08; H 5.23 " " 

TYROSIKE. 
Two hundred and nineteen grams of gliadin, equal to zoo gm. 
dried at 1 10°, were treated with 600 c.c, of concentrated hydrochloric 
acid, digested for some time on a water bath and the solution boiled 
for twelve hours on an oil bath. The solution was freed from most 
of the glutaminic acid by saturating with hydrochloric acid, and the 
filtrate from the glutaminic acid was diluted, boiled with bone black, 
and then concentrated strongly to remove as much hydrochloric acid 
as possible. The rest of the acid was neutralized with 50 per cent 
sodium hydroxide solution. On standing, a considerable precipitate 
separated, which was filtered out and dissolved in ammonia. The 
resulting solution wa^ boiled until most of the ammonia had been 
removed and the tyrosine that separated was filtered out. When 
dried, this weighed 2.4 gm., equal to 1.2 per cent of the gliadin. 
Recrystallized from boiling water, this gave the following results on 
analysis : 

Carbon and hydrogen, 0.3661 gm. subst., dried at no', gave 0.7981 gm. 
CO, and 0.2160 gm. HtO. 
Calculated for C,H„0,N = C 59.62 ; H 6.13 per cent. 

Found ,.,.=€ 59.45 ; H. 6.56 " " 
' C/. Hopkins and Cole: Journal of physiology, 1901, xxvii, p. 418. 
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Tyrosine separated from our hydrolysis solutions of gliadin with 
very great difficulty. Two other attempts to determine its proportion, 
which were made by hydrolyzing with sulphuric acid, gave lower 
results, and the solutions from which the tyrosine separated still con- 
tinued to give a strong Millon's reaction. Kutscher^ found 2.09 per 
cent of tyrosine in gliadin, and Abderhalden and Samuely ^ found 2.37 
per cent. We consider our result to be too low, and expect to have 
an opportunity to return to this determination at an early date. 

Arginine and Histidine. 

Fifty grams of gliadin, equal to 43.97 gm., dried at 110°, were 
hydrolyzed according to the directions of Kossel and Kutscher,^ and 
the determination of the bases carried out according to the method of 
Kossel and Patten.* ■ 

The solution of the histidine was made up to 500 c.c, and nitrogen 
determined in 100 c.c. of it. 

100 c,c. of solution gave ammonia = 1.37 c.c. HCl (i c.c. HCl = o.oi 
gm. N.) = 0,0137 gm. N. = 0.0685 S™- ^* '•> 5"^ ^•^- = 0.2524 
gm. histidine = 0.58 per cent of the gliadin. 

The identity of this histidine was not established, as the quantity 
was too small to permit the preparation of a satisfactory product. 

The arginine solution was made up to 500 c.c, and nitrogen 
determined in 50 c.c. of it. 

go c.c. of solution gave ammonia = 4.15 c.c. HCl (1 c.c. HCl = o.oi gm. N.) 
= 0.0415 gm. N. or 0.415 gm. in 500 c.c. = 1.39 gm. arginine, or 3.16 
per cent of the gliadin. 

The remaining solution was treated as Kossel and Kutscher direct, 
and the arginine obtained as carbonate. A portion of this carbonate 
was converted into the picrolonate according to the directions of 
Steudel." This melted at 226''-227'', while Steudel gives 225°. 

' Kutscher: Zeitschrift fijr physiologische Chemie, 1903, xxxviii, p. iii. 
' Abderhalden 3Dd Samuelv : Ibid., 1905, xliv, p 276. 

• Kossel and Kutscher: Zeitschrift fiir physiologische Chemie, 1900, xxxi, 
p. >65' 

• Kossel and Patten : Ibid., 1903, xxxviii, p. 39. 

• Steudel: Zeitschrift fiir physiologische Chemie, 190a, xxxvii, p. 219. 
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Nittvgtn, 0.0832 gm. subst., dried at 110°, gave 18.8 c.c. moist N at 765 
mil), and 15°. 
Calculated for QHi.OjN, ■ CioHjObN, = N 25.6a per cent. 
Found = N 25.40 " " 

The filtrate from the silver precipitate of arginine and histidine was 
freed from silver, precipitated with phosphotungatic acid and lysine 
tested for with picric acid in the usual way, but none was found. 

Kossel and Kutscher ' found, in the three fractions of the alcohol- 
soluble protein of the wheat kernel which they examined, 1,2, 0.43, 
and 1.53 per cent of histidine. Our determination falls between ihese. 
Kutscher.^in discussing the individuality of these three fractions, con- 
siders the differences in the amount of histidine found in them to be 
within the limits of accuracy of these determinations. 

Kossel and Kutscher * found 3.05 per cent of arginine in the fraction 
which they called gluten fibrin, 2.75 per cent in their gliadin, and 3,13 
per cent in their mucedin. In determining the amount of protein 
hydrolyzed they calculated the weight from the nitrogen in solution. 
If,as we believe, only one alcohol-soluble protein exists in this seed,* 
namely, gliadin, with 17.5 per cent of nitrogen, and that the nitrogen 
of their solutions belonged to this protein, the proportion of arginine 
found by them would be, respectively, 3.13, 2.79, and 3.25 per cent, 
with which our determination of 3.16 per cent agrees very closely. 



Hydrolysis of Glutenin. 

Nine hundred and forty grams, equal to 839.32 gm. of glutenin, ash, 
and water, free, were hydrolyzed by heating for several hours on a 
water bath with a mixture of 950 c.c. concentrated HCl and 950 c.c. 
water. After standing over night, the solution was boiled on an oil 
bath for nine hours, and then saturated with hydrochloric acid gas. 
By the same treatment as that applied to gliadin (page 234) 202.73 
gm. glutaminic acid hydrochloride, equal to 162.40 gm. of the free 
acid, were obtained. Recrystallized once from concentrated hydro- 
chloric acid, this melted at 198°, 

I Kossel and Kuts<;her : Zeitschrift fiir physiologische Chemie, 1900, xxxi, 
p. 165. 

* Kutscher: Ibid., 1903. xxxviii, p. 11 1. 

* Kossel and Kutscher: Loc. cil. 

* Cf. OsBORNK and HARRIS: This journal, 1905, xiii, p. 35- 
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Chlorine^ 0.5386 gm. subst., gave 0.4211 gm, AgCl. 

Nitrogen, 0.591 1 gm. subst., gave NH, = 4,53 c.c. HCl (i c.c. HCl = O.oi 
gm. N). 
Calculated for C.H.OiNCl = CI 19.35 J N 7.65 per cent. 
Found . . . . = CI 19.33 ; N 7.66 " " 

The united filtrates and washings were concentrated to a syrup on 
a water bath under reduced pressure, and the hydrochlorides of the 
amino-acids esterified three times, as in the case of gliadin. The 
hydrochlorides of the esters were neutralized and the free esters 
shaken out with ether, as in gh'adin. After drying the ether solution 
of the esters with potassium carbonate, it was kept two days over 
anhydrous sodium sulphate. The ether was then removed by distil- 
lation from a water bath at atmospheric pressure, and the esters 
distilled with the following results : 



Distillation A. 




"^",0 *""** Prewure. 


Weight. 


65" 


61.00 gm 


100° 12.0 " 


43-74 " 


roo" 4-0 " 


45-94 " 


110° 1.5 " 


33-01 " 


"SS° i-S " 


43- 3^ " 


aoo" 0.8 " 


33.56 " 


Total 


• 259s 7 " 



The undistilled residue weighed 211. 5 gm. 

The residue from which the esters had been removed by ether 
was subjected to two more esterifications, as in the case of gliadin, 
and the esters distilled. 



■u 



DlSTlLLATJON B. 




Temp, of bath 
up to 


Pressure. 


Weight. 


65° 

88= 


,2.0 mm. 


28.74 gm 
24.27 " 


loo" 


1 0.0 " 


19.18 " 


no' 
180' 
Total . . 


0.8 " 
0.8 " 


23-»3 " 
23.91 " 

iIO.« " 



The undistilled residue weighed 93 gm. 



,v Google 



Chemistry of the Protein Bodies of tkl Wheat Kernel. 249 

The different fractions from the two distillations were worked up 
IS follows : 



p. of bath 


Pressure. 


Weight. 


Ts' 


12 mm. 


61.00 gm. 


65° 


12 " 


28.74 " 



This was saponified at once by evaporating to a syrup with 
concentrated hydrochloric acid and the residue dissolved in alcohol 
and esterified with dry hydrochloric acid gas. The glycocoll ester 
hydrochloride which separated weighed 6.68 gm. Recrystallized from 
alcohol, this melted at 144'. 

Carbon and Hydrogen, 0.3179 gm. subst., gave 0,3984 gm. COa and 
0.2151 gm. H,0. 
Calculated for C^H,»0,NCI = C 34.39 ; H 7.23 pet cent. 
Found =€34.18; H 7.52 " " 

The filtrate from the glycocoll ester hydrochloride was saponified 
by evaporating on the water bath with hydrochloric acid, the latter 
removed with silver sulphate, and the solution freed from sulphuric 
acid with an equivalent quantity of barium hydroxide. By fractional 
crystallization this solution yielded 11.83 K"*- of alanine which melted 
at about 290°. 

Carbon and hydrogen, 0.2701 gm. subst., dried at 110°, gave 0.4001 

gm. COj and 0.1946 gm. HjO, 
Nitrogen, 0.3460 gm. subst,, dried at 110°, gave NH, = 5.44 c.c, HCl 
(I c.c. HCl = 0.01 gm. N). 
Calculated for CbH,OjN = C 40.40 ; H 7.93 ; N 15.75 per cent. 
Found .... =C 40.40; H 8.01 ; N 15,73 " " 



Temp, of bath 



43-74 gm. 
24.27 " 



The united esters were saponified by boiling with ten parts of 
water for five hours, when their solution reacted neutral to litmus. 
This solution was evaporated to dryness under reduced pressure and 
boiled up with absolute alcohol, whereby 0.5 gm. substance was 
dissolved. By repeated fractional crystallization of the sul>stance 
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insoluble in alcohol, 3.5 gni. leucine were obtained. The isolated 
leucine decomposed at about 298*. 

Carbon and hydrogen, 0.2408 gm, subst., dried at 110°, gave 0.4852 gm. 
COj and 0.1169 gm. HjO. 
Calculated for C,H„0,N = C 54.89 ; H 10.01 per cent. 
Found . . . . = C 54-95 ; H 10.01 " " 

After adding to the filtrate from this leucine, the most soluble por- 
tion of fraction III, and further fractioning, 25.76 gm. of alanine and 
3.84 gm. of glycocoll were obtained. The latter was isolated as the 
hydrochloride of the ester, which melted at 144°. The alanine was 
racemizcd and the a-naphtyl-hydantoic acid prepared according to the 
directions of Neuberg and Manasse,' When recrystallized from dilute 
alcohol, this melted at 197°. 

Carbon and Hydrogen, 0.3527 gm. subst., dried at 90°, gave 0.5998 gm. 

CO, and 0.1380 gm. H,0. 
Nitrogen, 0.3515 gm. subst., dried at 90", gave NH» = 3.74 c.c. of HCI 
(I c.c. HCI = 0.01 gm. N). 
Calculated for ChHuO.Nj = C 65.06; H 5.48; N 10.87 per cent. 
Found .... =C 64.74; H5.61; N 10.61 " " 



Fraction. 


Temp, of bath 


Pressure. 


Weight. 


"■{J 


no" 


1.5 mm. 
0.8 " 


78.95 gm. 
42.41 " 



These esters were saponified by boiling with six parts of water for 
five hours, when their solution reacted neutral to litmus. After 
evaporating to dryness under reduced pressure, the dried residue was 
extracted with boiling absolute alcohol. The part insoluble in aico- 
hoi, by a systematic fractional crystallization, gave 32.42 gm. of leu- 
cine which decomposed at about 298°. 

Carbon and hydrogen, 0.4255 gm. subst., dried at no", gave 0.8535 gm. 

COj and 0.3926 gm. HjO. 
Nitrogen, o.\^%Z gm. subst., gave NH, = 1.60 c.c. HCI, { i c.c, HCI = 
o.oi gra. N). 
Calculated for C,Hi,0,N = C 54,89 ; H 10.01 ; N 10.70 per cent. 
Found . . . . = C 54.71 ; H 10 25 ; N 10.77 " " 

' Neuberg and Manasse: Berichte tier deutschcn chemischen Gesellschaft, 
190S. xxxviii, p. 23,-9. 
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The filtrate from this leucine yielded 2 gm. of substance which 
had thp composition and properties of amino-valerianic acid. 

Carbon and hydrogen, 0.2316 gin. subst,, gave 0.4144 gm. C0( and 0.1967 
gm. H,0. ,^ 

Calculated for C,Hi,OsN = C 51.2a ; H 9.48 per cent. 
Found .... =Csi.oo; H 9.86 " " 

Bpsolfic Totatton. — Dissolved in 20 per cent hydrochloric acid, 

A similar preparation from gliadin gave +25.79°. E. Fischer and 
Dorpinghaus' found +25.9° for a preparation from horn, and E. 
Schulze and Winterstein ' found +28.2° and +27.9° for a prepara- 
tion from lupine seedlings. 

The solution used for determining the specific rotation was freed 
from hydrochloric acid with silver sulphate, and the amino-acids race- 
mized by heating with an excess of barium hydroxide in an autoclave 
at 175° for nineteen hours. After removing the barium quantitatively 
with sulphuric acid, the substance was coupled with a-naphtyliso- 
cyanate. The hydantoic acid melted constantly on repeated recrystal- 
lization from dilute alcohol at i83*'-i84°. Heated side by side with 
the corresponding substance obtained from gliadin, the hydantoic 
acid from glurenin melted 2° higher. 

Carbon and hydrogen, 0.3277 gm. subst., dried at 80°, gave 0.8067 Km- CO2 
and 0.1891 gm. HfO. 
Calculated for C„H,aO,N, = C 67.07 ; H 6.35 per cent. 
Found .... =C 67.14; H 6.42 " " 

From the filtrate from the amino-valerianic acid there was further 
obtained-i.4i gm. of alanine. The alcoholic solution which contained 
the prolin was evaporated to dryness under reduced pressure and the 
dried residue again treated with boiling absolute alcohol. Even after 
several repetitions of this process no substance insoluble in alco- 
hol could be obtained. The alcohol soluble substance, when dried, 
weighed 35.54 gm. A copper salt was prepared from this in the usual 

* Fischer, E., and Dorpinghaus; Zeitschrid flir phyaiult^ische Chemie, 
1902, xxxvt, p. 462. 

' Schulze, E , and Wintkrstein : Ibid., 1902, xxxv, p. 300. 
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manner, and its solution evaporated to dryness under reduced pressure. 
The dried residue was extracted with boiling absolute alcohol i^ order 
to remove the 1-prolin copper. The residue insoluble in alcohol, 
when recrystallized from water, gave 15.53 £"•• o^ racemic prolin cop- 
per, equivalent to 10.9 gm. of prolin. 

Water, 0.3618 gm. subst., lost at no" 0.0399 g™- °^ H,0. 
Copper, 0.3176 gm. subst., dried at 110°, gave 0.0856 gin. CuO, 
Calculated for C,oHi,04N,Cu • i H,0 = H,0 ii.oo percent 

Found =HjO 11.03 " " 

Calculated for CioH„0,N,Cu = Cu 21.79 P^"" «nt. 
Found = Cu 11.54 " " 

The alcoholic solution of the l-prolin copper salt was evaporated to 
dryness, the copper removed, and the prolin identified as the phenyl- 
hydantoin which was prepared according to the directions of Fischer.' 
The substance thus prepared was at once pure and melted at 143°. 
Carbon and hydrogen, o.aSas gm. subst., dried in vacuum over H,SO„ gave 

0.6866 gm. CO,, and 0.1494 gm. HjO. 
Nitrogen^ 0.1025 S™- subst., gave NH, = 1,33 c.c. HCI (1 c.c. HCl = 0.01 
gm. N). 
Calculated for C„Hi,0,N, = C 66.60 ; H 5.61 ; N 11.99 per cent. 
Found = C 66.36; H 5.88; N 12.98 " " 

Fraction. Temp, of bath up to Pressure. WeighL 

IV, A 155" 1.5 mm. •43-32 gm. 

This fraction was shaken out with ether in the usual way and the 
ether allowed to evaporate spontaneously. No evidence of the pres- 
ence of phenylalanine was obtained. The residue of ester was sa- 
ponified with concentrated hydrochloric acid and the hydrochloride 
decomposed with ammonia. The free acid crystallized in the charac- 
teristic form of leucine and decomposed at 298°. There were obtained 
13.99 gm. of leucine. 

Carbon and hydrogen, 0.2906 gm. subst., dried at 110°, gave 0.5825 gm. CO, 
and o.z69ogm. H^O. 
Calculated for C,Hi,0,N = C 54.89 ; H 10.01 per cent. 
Found .... = C 54.67 ; H 10.28 " " 

The aqueous layer was saponified by heating on a water bath with 

an excess of barium hydroxide for five hours. The barium aspartate, 

' Fischer, £.: Zeitschrift fiir physiologische Chemie, 1901, xxxiii, p- 151. 
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which separated in considerable quantity on standing, was united with 
that obtained from fraction V and treated as will be described later. 

From the filtrate from the barium aspartate no definite substance 
could be obtained. It appeared to contain serine, but none could be 
isolated, even by the use of ^ naphtalene-sulphone-chloride. 

Fraction. Temp, of bath up to Pressure. Weight. 

V, A 200° 0.8 mm. 32-56 gm- 

IV, B 180" 0.8 " 23.92 » 

These esters were shaken out with ether, and the substance ex- 
tracted was saponified with hydrochloric acid. The hydrochloride 
thus obtained, which weighed 2a2i gm., equal to 16.55 E™- ^""^c 
phenylalanine, was converted into the free acid with ammonia and 
then into the copper salt by boiling its solution with copper hydroxide.^ 
Copper^ 0.2099 gm. subst., dried at no", gave 0.0435 gra. CuO. 
Nitrogen, 0.2283 8™- subst., gave NH, = 1.63 c.c. HCl (i c.c. HCl = o.oj 
gm. N). 
Calculated for CuHmO.NiCu = Cu 16.23 ; N 7.1 7 per cent. 
Found = Cu 16.18; N 7.14 " " 

The free phenylalanine, isolated from this copper salt, melted at 
263° -265°. 

Nitrogen, 0.1085 g™- subst., gave NH, = 0.92 c.c. HCl (i c.c. HCl = o.oi 
gm. Nj. 
Calculated for C,H„0,N = N 8.50 per cent. 
Found . . . . = N 8.48 " " 

The aqueous layer was saponified by heating for five hours with an 
excess of barium hydroxide on the water bath. The barium aspartate, 
which separated on standing, was united with that previously obtained 
from fraction IV^A, decomposed with an equivalent amount of sul- 
phuric acid, and 7.12 gm. of free aspartic acid was obtained from the 
solution. 
Carbon and hydrogen, 0.3293 gm. subst., dried at 110°, gave 0.4335 8™- ^^i 

and 0.1635 gm. HjO. 
Nitrogen, 0.2997 gm. subst., gave NH« = 3.17 c.c. HCl (1 c.c. HCl = o.oi 
gm. N). 
Calculated for C4H,0«N = C 36.05 ; H 5.31 ; N 10.55 Pe^ cent. 
Found .... = C 35.90; H 5.48; N 10.58 " " 
' ' Cf. ScHULZE and Winterstein ; Zeitschrift fur physiologische Chemie, 

I9OZ, XXXV, p. 2IO. 
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The filtrate from barium aspartate was freed from barium, concen- 
trated under reduced pressure, and saturated with hydrochloric acid. 
On long standing on ice a trace of phenylalanine hydrocliloride sepa- 
rated, but no glutaminic acid hydrochloride could be obtained. After 
removing the hydrochloride acid with silver sulphate, the solution was 
boiled with a solution of copper hydroxide and 1. 1 gra. of copper as- 
partate was isolated. 

Copper^ 0-3991 gm. subst., air dried, gave D.1163 gm. CuO- 
Nitrogm, 0.2066 gm. subst. gave NHi = 1.06 c.c. HCl (i c.c. HCl = 0,01 
gm. N> 
Calculated for C.HANCu 4^ HO' = Cu 23.06 ; N 5.09 per cent. 
Found = Cu 33.17 ; N 5.13 " " 

The filtrate from this copper aspartate, when freed from copper by 
hydrogen sulphide and concentrated to small volume, yielded, by frac- 
tional crystallization, 4.35 gm. of nearly pure serine. 

Carbon and hydrogen-, 0.3S47 gm. subst., gave 0.3559 S'"- ^'^t ^nd 0.1751 
gm. H,0. 
Calculated for C,H,0»N = C 34.29 ; H 6.67 per cent. 
Found .... = C 34.09; H 6.83 " " 

This substance browned at about 213° and decomposed to a brown- 
ish mass at about 243°. 

Residue from Distillation. 

The residues which remained after distilling off the esters weighed 
304,5 gm. These were dissolved in hot alcohol, and from their united 
solutions 3.16 gm. of substance separated on cooling. The filtrate 
from this substance was evaporated under reduced pressure, the resi- 
due dissolved in water and saponified by heating*with an excess of 
barium hydroxide for nine hours. After removing the barium quan- 
titatively, the solution was concentrated and saturated with hydro- 
chloric acid. On standing for some time on ice, 38.25 gm. of 
glutaminic acid hydrochloride, which melted at 198", were obtained. 
This was equivalent to 30.64 gm. of free glutaminic acid, and, with 
that previously isolated, makes a total of 193.04 gm., or 23.0 per cent 
of the glutenin. The glutaminic acid liydrochloride was decomposed 
with an equivalent quantity of potassium hydroxide, and the free 
' Ritthausen: Die Eiweisskoerper, etc-, Bonn, 1872, p. 219. 
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glutaminic acid was recrystallized from water. It melted at 202''-203*' 
with effervescence. 

Carbon and hydrogen, 0.3504 gm. subst., dried at 1 10°, gave 0.5275 gm, COj 
and 0.3003 S"*' HiO. 
Calculated for CjH.OjN = C 40.82 ; H 6.12 per cent. 
Found .... =€41.06; H 6.35 " " 

Residue after Esterification, 

The residue which remained after the third esterification and ex- 
traction of the esters was treated in the same way as the correspond- 
ing residue from gliadin (page 242), and the solution, freed from all 
mineral salts and bases precipitable by phosphotungstic acid, was con- 
centrated under reduced pressure to a small volume and then left for 
some time over sulphuric acid. After removing a little tyrosine that 
first separated, 1.87 gm. of serine crystallized out, which, when re- 
crystallized from water, browned at about 210° and decomposed at 
240°. 

Carbon and hydro^n, 0.2308 gm. subst., dried at 110°, gave 0,3894 gm- CO} 
and 0.1407 gm. H,0. 
Calculated for C,H,0,N = C 34.29 ; H 6.67 per cent. 
Found =034.19; H 6.77 " " 

This, with the serine obtained from fraction V, gives a total of 
6.22 gm. of serine isolated. The mother liquor from the serine con- 
tained considerable substance, but no oxyprolin or other definite sub- 
stance could be obtained from it. 

Cystine. 

Three hundred grams of glutenin were hydrolyzed in the way de- 
scribed for gliadin (page 244). After evaporating at low pressure t9 a 
syrup, neutralizing the remaining excess of acid with sodium hydroxide 
and decolorizing the solution with bone black, a considerable quantity 
of tyrosine separated out, which, on examination, was found to con- 
tain nearly all the cystine that could be detected in the solution. It 
was therefore dissolved in five per cent sulphuric acid and the cystine 
precipitated with mercuric sulphate. The mercury precipitate was 
decomposed with hydrogen sulphide, the solution concentrated some- 
what, made alkaline with ammonia and then acid with acetic acid, and 
an equal volume of alcohol added. The cystine, which separated on 
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standing in characteristic hexagonal plates, weighed only 0.17 gm. 
No more could be obtained. This was dissolved in ammonia and 
reprecipitated by acetic acid. 

Sulphur, 0.0897 gm. subst., dried at 110°, gave 0.1730 gm. BaSO^ 
Calculated for C,H„0,N,Sj = S 26.68 per cent. 
Found . . . . = S a6.s3 " " 

Although glutenin contains about the same amount of sulphur as 
gliadin, the amount of cystine obtained from the latter under similar 
conditions was very much greater. It would seem as if glutenin in 
fact yields less cystine, though the uncertainties attending the isola- 
tion of this substance will not permit of a positive conclusion. 

Tyrosine. 

Two hundred and fifty grams of glutenin were boiled with a mixture 
of 750 g™- sulphuric acid and 1500 gm. of water for twelve hours. 
The solution was freed from barium by an equivalent amount of sul- 
phuric acid, and after concentrating to 800 c.c, allowed to stand for 
some time. A considerable quantity of tyrosine separated, which was 
filtered out, the filtrate boiled with barium carbonate in order to expel 
ammonia, and then concentrated to one-half its original volume. 
After cooling, the residue of barium carbonate and other substances 
which had separated were extracted with hot dilute ammonia and the 
filtered extract concentrated and cooled. On standing, a little more 
tyrosine separated, which was added to that first obtained. No more 
tyrosine could be isolated from the solution of the hydrolytic decom- 
position products. All of the tyrosine which had separated was dis- 
solved in five per cent sulphuric acid, and phosphotungstic acid was 
added to the solution. Only a small precipitate resulted. After re- 
moving the phosphotungstic acid with barium hydroxide, the solution 
was concentrated strongly and allowed to cool. After standing for 
some time 9.62 gm. of tyrosine were obtained, which is equal to 4.25 
per cent of the glutenin. 

Carbon and hydrogen, 0.2*^12 gm. subst., dried at 110°, gave 0.6370 gm. COj 
and 0.1634 gm. H,0. 
Calculated for C,H,iO,N = C 59.62 ; H 6.13 per cent. 
Found .... = C 59.45 ; H 6.zi " " 

Kutscher ' found 2.75 per cent of tyrosine in " gluten -casein." 
■ Kutscher: Zeitschrift £iir physiologisdie Chemie, 1903, xxivi, p. 114. 
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Arginine, Histidine, and Lysine. 
Fifty grams of glutenin, equal to 43.39 gm., dried at lio", were 
hydrolyzed, and the arginine and histidine separated in the same way 
as that described for gliadin (page 246). 

The solution containing the histidine was made up to 500 c.c. 
NUrogen, 100 c.c. solution gave NH, = 4.15 c.c. HCl (i c.c. HCl = o.oi 
gm. N) = 0.041S gm. N = 0.3075 S™- '" S^° '^■'^- = 0.7645 S"*- 
histidine = 1.76 per cent. 

The amount of histidine in the remaining solution was too small for 
identification. 

The filtrate from the histidine precipitate yielded 500 c.c. of solu- 
tion containing the arginine, in which was found the following amount 
of nitrogen: 

Nitrogen, 50 c.c. solution gave NH, = 6,79 c.c HCl (i c.c. HCl = o.oi 
gm. N) = 0.0679 gJ"!- N, or 0.679 gm. in 500 c.c, or a. 107 gm. 
arginine = 4.73 per cent. 

The remaining solution, treated as Kossel directs, yielded the argi- 
nine as carbonate. This was converted into the copper salt which 
gave the following results on analysis: 
Cation and Hydrogen, 0.3118 gm. subst., air dried, lost 0.0310 gm. H,0 

Calculated for C„H„N„Oio Cu • 3 H,0 = H,0 9.15 per cent. 

Found = H,0 9.92 " " 

Copper, 1, 0.1858 gm. siibst, dried at 100°, gave 0.0375 8™- CuO. 
II, 0.1808 gm., subst., dried at 100*, gave 0.0367 6™. CuO. 
Calculated for C„H„N,i,OioCu = Cu 11.85 F*^ ""'■ - 

Found .... Cu = I, 11.84; II, 11.78 percent. 

Kossel and Kutscher' found in three separate determinations of 
arginine in glutenin, 4.50, 4.02, and 4.54 per cent. They base their 
determinations on the supposition that glutenin contai.is 16.2 per 
cent nitrogen. If their results are recalculated to a basis of 17.5 per 
cent of nitrogen in this protein, which one of us has found,* they 
become 4.82, 4.52, and 4.84 per cent, with which our result, 4.72 per 
cent, agrees very closely. 

* Kossel and Kutscher: Zeitschrift fiir physiologische Chemie, 1900, xxxi, 
p. 165. 

* OSBORKE and VooRHEES: American chemical journal, 1S93, xv, 392. 
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Lysine. 

The filtrate from the arginine silver was treated as Kossel directs, 
and after precipitating the lysine with phosphotungstic acid it was 
converted' into the picrate, and 2.33 gm,, equivalent to 0.907 gm. of 
free lysine, were obtained. This is equal to 1.92 per cent of the glu- 
tenin. Kossel and Kutscher' found in the three determinations of 
this substance which they made in this protein 1.9, 2.29, and 2 per 
cent, or, recalculating to a basis of 17.5 per cent of nitrogen in this 
protein, 2.05, 2.15, and 2. 40 per cent. 

Nilrogen,o.i22^ gm. subst., dried at 120°, gave 23.1 c.c. moist N at 760 mm. 

Calculated for C.H,(0,N, ■ C,H»0,N, = N 18.70 per cent. 
Found = N 18.76 " " 



Hydrolysis of Leucosin. 

Owing to the difficulty of preparing large quantities of this protein, 
which occurs in very small quantity in the wheat kernel, we were 
limited in this hydrolysis to 257.8 gm. of water and ash-free leucosin. 
This was hydrolyzed and the glutaminic acid separated as hydro- 
chloride in the way described for gliadin. When dried in vacuo over 
sulphuric acid, 12.39 gm. of the hydrochloride were obtained, which 
melted at 198" with effervescence, 

Nitro^n, 0.5482 gm. subst., gave NH, = 4.17 c.c. HCl (i c.c. HCl = o.oi 

gm. N.) 
Chlorine, o 3528 gm. subst., gave 0.19S9 gm. AgCl. 

Calculated for C.HioOiNCl = N 7.64 ; CI 19.35 per "nt. 
Found = N 7.61 ; CI 19.45 " " 

The filtrate from the glutaminic acid hydrochloride was concen- 
trated to a syrup under reduced pressure, the residue taken up itt 
alcohol and saturated with dry hydrochloric actd gas. The solution 
was then evaporated to a thick syrup under reduced pressure, the 
residue again esteriiied with alcohol and hydrochloric acid, and the 
solution concentrated as before. The esterification was again 
repeated, the final concentration being made at a pressure of 10 mm. 

' Kossel and Kutscher: Loc. cit. 
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from a bath the temperature of which did not rise above 40°. The 
free esters of the amino-acids were then liberated from the residue, 
extracted with ether, and dried with potassium carbonate and anhy- 
drous sodium sulphate in the usual way. The aqueous layer was then 
made strongly acid with hydrochloric acid and the salts removed by 
concentration and treatment with alcoholic hydrochloric acid. The 
alcoholic extracts containing the hydrochlorides of the amino-acids 
were evaporated to a thick syrup under reduced pressure and the res- 
idue esterified as above described. The free esters were then liber- 
ated and their ether solution dried as before. After distilling off the 
ether on the water bath, at atmospheric pressure, the residue was 
distilled with the following results: 



Temp, of bath 

up to 


Pressure. 


Weight. 


75° 


12.0 mm. 


21.76 gm. 


80= 


10.0 " 


. =,5.86 ■■ 


lis" 


0.8 " 


49.60 " 


2O0' 


0.8 " 


49-39 " 




Total . . . . 


. 146.61 " 


Temp, of bath 
up to 


Pressure. 


Weight. 


75° 


12 mm. 


21.76 gm. 



I 

This fraction was saponified directly after collection by evapo- 
rating on the water bath with concentrated hydrochloric acid. The 
residue was esterified with alcohol and hydrochloric acid and allowed 
to stand for several days on ice. The glycocoll ester hydrochloride 
which separated weighed 1.73 gm. and melted at 145°. 

Nilrogm, o.ii%\ gm. subst., dried in vacuo, gave NH, = a.88 c.c. HCl 

(I c.c. HCl = 0.01 gm. N). 
Chlorine, 0.2843 S™- subst., dried in vacuo, gave 0.2889 8""- Ag*^'* 
Calculated for CiHinOjNCI = N 10.05 '> CI 25.40 per cent. 
Found = N I0.12 ; CI 25.12 " " 

In the filtrate from the glycocoll ester hydrochloride the free amino- 
acids were regenerated and subjected to fractional crystallization in 
water and alcohol. There were obtained 3.06 gm. of nearly pure 
alanine. 
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Carbon and hydrogen, 0.368a gm. subst., gave 0.5460 gm. CO, and 0.2649 

gm. H,0. 
Nitrogen, 0.2508 gm. subst., gave NH, = 3.92 c.c. HCl {i c.c. HCl = o.oi 
gm. N). 
Calculated for C(H,0)N = C 40.40 ; H7.93; N 15.75 per cent. 

Found. . , . =040.44; H 7.99; N 15.63 " " 
The alanine decomposed at 290°. 

Fraction. Temp, of bath up to. Pressure. Weight. 

II So" 10 mm. 25.86 gm. 

After saponifying with boiling water the solution of the amino- 
acids was evaporated to dryness under reduced pressure. The dried 
residue, which weighed 18.78 gm., was extracted with boiling alco- 
hol, whereby 1.68 gm. went into solution. From the part insoluble 
in alcohol there were isolated, by fractional crystallization, 5.53 gm. 
of leucine, 5.79 gm., alanine, and 0.47 gm. of substance which had the 
percentage composition of amino-valerianic acid. 

Carbon and hydrogen, 0.2094 gm. subst., gave 0.3913 gm, C0» and 0.1793 
gm. H,0. 
Calculated for CHnOjN = C 51.22 ; H 9.48 per cent. 
Found .... =050.96; H 9.51 " " 

From the more soluble part of this fraction glycocoll was isolated 
as the hydrochloride of the ester. This weighed 2. 78 gm., equivalent 
to 1.50 gm. of glycocoll, and melted at 1440-145°. 

Fraction. Temp, of bath up to Pressure. Weight 

III 125' 0.8 mm. 49,6 gm. 

This was saponified by boiling with ten parts of water for ten 
hours, and the solution evaporated to dryness under reduced pres- 
sure. After extracting the prolin with boiling alcohol the insoluble 
part jvas fractionally crystallized. There were obtained 23.72 gm. 
of leucine and 2.62 gm. of alanine. 

The isolated leucine decomposed at 298°. 
Carbon and hydrogen, 0.18^^ gm. subst., dried at 110°, gave 0.3670 gm. CO, 

and 0.1670 gm. HjO. 
Nitrogen, 0,3086 gm. subst., gave NH, = 3.34 c.c. HCl (1 c.c. HCl = o.oi 
gm. N). 
Calculated for QHi.OjN = C 54.89 ; H 10.01 ; N 10.70 per cent. 
Found .... =054.63; H io.li; N 10,82 " " 
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The combined alcoholic solutions from fractions II and III, which 
contained the prolin, were evaporated to dryness under reduced pres- 
sure, and the residue extracted with boiling alcohol, in which 2.3 gm. 
did not dissolve. The solution filtered from this was again evaporated 
to dryness under reduced pressure, the residue dissolved in water, and 
the copper salts prepared by boiling for an hour with an excess of 
copper hydroxide. The deep blue solution was evaporated to dryness 
under reduced pressure, and the residue boiled with absolute alcohol, 
which dissolved the 1-prolin copper salt. The residue of racemic 
copper salt, insoluble in alcohol, was dissolved in water and the solu- 
tion concentrated. Of racemic prolin copper 2.41 gm. were obtained, 
equivalent to 1.69 gm. of a-prolin. 

Water, 0.3190 gm. subst., air dried, lost 0.0353 P"- ^i*^ *' Jio°. 
Copper, 0.3827 gm. subst., dried at 110°, gave 0.0766 gm. CuO. 
Calculated for CuH„0,N,Cu ■ 2 H,0 = H,0 11.00 per cent. 
Found ........ =H,0n.o7 " " 

Calculated for C,oH],0,N,Cu = Cu 31.79 percent. 
Found =Cu 21,65 " " 

The alcoholic solution of the copper salt of the 1-prolin was evap- 
orated to dryness under reduced pressure. The dried residue weighed 
8.24 gm., equivalent to 6.5 gm. of 1-prolin. 

For identiAcation a small portion was freed from copper with 
hydrogen sulphide, and the free prolin converted into the phenyl- 
hydantoin, according to the directions of Emil Fischer.^ 

The hydantoin melted sharply at 143° and gave the following 
analysis : 

Carbon and hydrogen, 0.2334 g™- subst., gave 0.5676 gm. CO, and 0.1304 

gm. H,0. 
Nitrogen, 0.1373 g""- subst., gave NHa = 1.78 c.c. HCl (1 c.c. HCl = o.oi 
gm. N). 
Calculated for C„HijO,N, = C 66.60 ; H 5.61 ; N ia.99 per cent. 
Found . . . . = C 66.33 ; H 5.73 ; N 12.96 " " 

Fraction. Temp, of bath up to Presaure. Weight. 

IV. aoo" 0,8 mm. 49-39 gm- 

From this the ester of phenylalanine was removed in the usual man- 
ner by shaking out with ether, and after freeing from ether the resid- 
^ Fischer, E. : Zeitschrift fiir physiologische Chemie, 1901, xxxiii, p. 251. 
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ual ester was saponified by dissolving in concentrated hydrochloric 
acid and evaporating on the water bath. Of phenylalanine hydro- 
chloride 12.12 gm. were obtained, which is equivalent to 9.93 gm. of 
phenylalanine. For identification the hydrochloride was recrystal- 
lized from strong hydrochloric acid and converted into the free acid 
by evaporation with excess of ammonia. When once recrystallized 
from water, it melted at 263°-265°. 

Carbon and hydrogen, 0.2961 gm. subst., dried at 110°, gave 0.7089 gm. 

CO, and 0.1801 gm. H»0. 
Nitrogen, 0.1934 gm. subst, gave NH» = 1.65 c.c. HCl (i c.c. HCl = o.oi 
gm. N). 
Calculated for C.HnO.N = C 65.39 ; H ^-11 J N 8.50 per cent. 
Found .... =C 65.27; H6.76; N 8.57 " " 

The aqueous layer was saponified by wanning with an excess of 
barium hydroxide on the water bath for seven hours. After standing 
for some time the crystals of racemic barium aspartate were filtered 
out and decomposed with an equivalent quantity of sulphuric acid. 
The filtrate from the barium sulphate gave, on concentration, 5.06 gm. 
of aspartic acid, which, when recrystallized from water, was analyzed. 

Carbon and hydrogen, o.2^Z^ gm. subst., dried at 110°, gave 0.3278 gm. CO, 

and 0.1215 P"- H,0. 
Nitrogen, 0.2769 gm. subst., gave NH. ^ 2.93 c.c. HCl (i c.c. HCl = o.oi 
gm. N). 
Calculated for CiHjOjN = C 36.06 ; H 5.31 ; N 10.55 P" cent. 
Found . . , . = C 36.00 ; H 5.44 ; N 10,59 " " 

The filtrate from barium aspartate was freed from barium quanti- 
tatively with sulphuric acid and the filtrate from the barium sulphate 
concentrated to small volume and saturated with hydrochloric acid 
gas. After long standing on ice, 2.15 gm. of glutaminic acid hydro- 
chloride separated. 

The filtrate from this was evaporated under reduced pressure, 
the residue taken up in water, and the chlorine removed with silver 
sulphate. 

After removing the sulphuric acid with an equivalent quantity of 
barium hydroxide, the solution was boiled with an excess of copper 
hydroxide. The filtered solution, on standing, separated tyrosine-Hke 
needles of copper laevo-aspartate which weighed 7.41 gm., equivalent 
^'^ 3-57 S™- ^^ aspartic acid. 
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Nitrogen, 0.1853 8™- subst., air dried, gave NHj = 0.93 c.c. HCl (i c.c. 

HCl=o.oi gm. N). 
CoppeTi 0.1677 K™- subst., air dried, gave 0.0491 gm. CuO. 

Calculated for CiHtOtN Cu ■ 4I H O = N 5.09 ; Cu 33.06 per cent. 
Found = N 5.02 J Cu 33.37 " " 

From the copper salt the free acid was regenerated and analyzed. 
Carbon anti hydrogen, 0.20^1 gm. subst., gave 0.3715 gm. CO, and 0.1054 
gm. H,0. 
Calculated for C,HtO,N = C 36.06 ; H 5.31 per cent. 
Found . . . = C 36,29 ; H 5.74 " " 

Bpeolflo rotstton. — Dissolved in 20 per cent hydrochloric acid, 

Fischer and Ddrpinghaus ' found 

An effort to isolate serine in the filtrate from the copper aspartate 
failed. 

The Residue after Distillation. 
The residue remaining after distillation of the esters weighed 57 
gm. This was dissolved in boiling alcohol, and after cooling 1.9S 
gm. of needle crystals were filtered out. The filtrate was evaporated 
to a syrup under reduced pressure, saponified by heating with an 
excess of barium hydroxide, and, after removing the barium, evap- 
orated to small volume under reduced pressure. The solution was 
then saturated with hydrochloric acid, and, after standing on ice for a 
long time, yielded 7.39 gm. of glutaminic acid, hydrochloride. The 
free acid prepared by evaporating with an exactly equivalent quantity 
of potassium hydroxide, when recrystallized from water, melted at 
202°-203° with effervescence. 
. Carbon and hydrogen, 0.3646 gm. subst., dried at 110°, gave 0.5432 gm. , 
CO, and 0.2019 S">- H,0. 
Nitrogen, 0.3696 gm. subst., gave NH, = 3.55 c.c. HCl (i c.c. HCI = o.oi 
gm. N). 
Calculated for C^H.O^N = C 40.83 ; H 6.13 ; N 9.52 per cent. 
Found . . . . = C 40.63 ; H 6.15 ; N 9.60 " " 
^ Fischer and DOrfinghalts: Zeitschrift fiir physio) ogische Chernie, 1902, 
xxxvi, p. 462. 
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The total glutaminic acid obtained from leucosin was 17.5 gm., or 
6.73 per cent. This result is higher than that recently recorded 
from this laboratory, namely, 5.72.' 

This protein is one from which the glutaminic acid hydrochloride 
can be directly obtained only with great difficulty. In the former 
paper attention was directed to this fact, and the statement made that 
it is possible that the result given was too low. 



Tyrosine. 

Forty grams of leucosin, equal to 34.96 gm. dried at 110°, were 
boiled for twelve hours with a mixture of 120 gm. of sulphuric acid 
and 240 gm. of water. After removing the sulphuric acid with an 
equivalent quantity of barium hydroxide, the solution was evap- 
orated with an excess of barium carbonate in order to remove ammonia. 
After removing the barium the solution was .concentrated to a small 
volume on the water bath and allowed to stand for some time. The 
substance which separated was washed with cold water, dissolved in 
ammonia, the solution treated with bone black, and evaporated. On 
cooling 1.0360 gm. tyrosine separated in colorless needles. The fil- 
trate from this, on further concentration, yielded 0.13 gm. more tyro- 
sine, making a total of 1.1660 gm., or 3.33 per cent This was 
recrystallized and analyzed. 

Carbon and hydrogen, o.^^T^ gm, subst., dried at 110°, gave 0.9994 gm. COt 
and 0.2813 gm, H,0. 
Calculated for C.HnOjN = C 59.62 ; H 6.13 per cent. 
Found .... = C 59.60; H 6.1 1 " " 

ArGININE, HlSTIDlNE, AND LYSINE. 

The filtrate from the tyrosine, by the method applied to gliadin 
(page 246), yielded a solution in which the nitrogen found corre- 
sponded to 0.99 gm. of bistidine, or 2.83 per cent. 

The identity of the histidine could not he established owing to its 
very small amount. 

The solution of the arginine contained nitrogen equal to 0.6720 gm., 
which is equal to 2.08 gm. of arginine, or 5,94 per cent. A part 
was converted into the copper salt by boiling with an excess of cop- 
per hydroxide and the copper salt recrystallized from water. 
' Osborne and Gilbert : This journal, 1906, xv, p. 333. 
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Water, 0.1984 gm. subst., air dried, lost 0.0191 gm. HjO at 110°. 
Copper, 0.1766 gm. subst., dried at 110°, gave 0.0262 gtn. CuO. 

Calculated for CuHmO.NbCu (NO,), • 3 H,0 = HjO 9.15 per cent. 

Found = H5O 9.6Z " " 

Calculated for C„Hj,04N,Cu (NO,), = Cu 11.85 percent. 
Found . , =Cu 11.83 " " 

The filtrate from the copper salt was freed from copper and the 
solution evaporated with an excess of sulphuric acid under reduced 
pressure. The sulphuric acid was removed with an excess of barium 
hydroxide, and the barium with carbonic acid. The filtrate from the 
barium tarbonate was evaporated to dryness and the arginine con- 
verted into the picrolonate, according to the directions of Steudcl. 

This melted at 226°-227^ Steudel gives 225.° 

Nitrogen, 0.0516 gm, subst., dried at 110°, gave 11. 8 c.c. moist N, at 25° 
and 765 mm. 
Calculated for C,Hi,0,N, - CuHsOjN^ = N 25.62 per cent. 
Found = N 25.71 " " 

The filtrate from the first silver precipitate which contained the 
arginine and histidine was freed from silver and barium, and the 
lysine precipitated with phosphotungstic acid and then converted into 
the picrate, of which 2.47 gm. equal to 0.9616 gm, of lysine, or 2.75 
per cent, was obtained. This was recrystallized from water and 
analyzed. 

Nitrogen, 0.2288 gm. subst., gave 38.6 c.c. moist N at 25.5° and 759 mm. 
Calculated for C,H»0,N, • C,H»0,N, = N 18.70 per cent. 
Found = N 18.77 " " 
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THE NATURE OF CHEMICAL AND ELECTRICAL 
STIMULATION. 

Bv WILLIAM SUTHERLAND- 

UNDER this heading A. P. Mathews has given a suggestive 
interpretation of his numerous experiments on the nerve- 
stimulating action of electrolytic solutions.' He shows that a fair 
measure of the stimulating power of an ion is obtained on dividing 
the square of its ionic velocity by the product of its solution tension 

and the square root of its atomic mass, namely, p^i - He admits 

the difficulty of giving a theoretical justification of this measure, 
pointing out that when E = o, it becomes infinite. When E be- 
comes negative, he transfers it from the denominator to the numer- 
ator. In these circumstances it seems hopeless to seek for a 

theoretical deduction of ■^7771 as the proper measure of the stimu- 
lating power of an ion. Profiting by the pioneering of Mathews, I 
have been led to the following quite simple theory of his results 
according to the principles of physical chemistry. 

It is helpful to distinguish two chief ways in which a nerve may 
be stimulated electrically, — first, by electric force without the pas- 
sage of external electricity into the nerve, and, second, by the actual 
passage of electricity into the nerve. It is proposed to show in the 
following that in the experiments of Mathews negative ions stimulate 
nerve by giving to it their electric charges, whereas positive ions do 
not give their electrons to a nerve, but depress it through the action 
of their electric force. According to this distinction all negative ions 
of the same valency, having therefore the same electric charge, ought 
to have the same stimulating action, namely, that of giving that 
charge to the nerve; but, on the contrary, positive ions of the same 
valency, though having the same electric charge, ought not to produce 
' Mathews : This journal, 1904, xi, p. 455. 
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the same depressing action, because, being of different sizes and of 
different dielectric capacity (specific inductive capacity) they have 
different electric forces at their surfaces. ,If a is the radius of an ion 
and K its dielectric capacity, v its valency, and e the electron charge, 

the electric force at its surface is -j^—^' The charge ve will pro- 
duce an inductive charge in the nerve proportional to ve; so the 
actual force on the nerve willl he proportional to -^-5 • The most 

striking result obtained by Mathews is contained in his Table IV, 
which shows that for ten out of sixteen salts of sodium with mo- 
novalent acids the minimum strength of a stimulating solution is 
one-twelfth gram-molecular, or f^. For sodium iodide it is ^, and 
for sodium hydrate, the most important exception, it is |^. With 
due allowance for the exceptions, the generalization is clear, that 
negatively charged monovalent ions have the same stimulating 
power. When the formic, acetic, and butyric anions stimulate to 
the same extent as the chlorine and bromine ions, which are so differ- 
ent from them, we have clearly to do with a fundamental relation. 
In the case of the sodium salts of bivalent acids, with the exception of 
acid salts and the carbonate borate and bichromate, the minimum 
stimulating concentration is -3". With sodium citrate, the case best 
representing trivalent acids, the concentration is ^. Now, in con- 
sidering these numbers 12, 32, and 50, we must remember that the 
stimulation of a cut nerve is essentially a surface phenomenon at the 
severed end. Hence in the present connection we ought to consider 
the number of molecules per unit surface and not the number per unit 
volume. So we ought to compare 12*, 32*, and 50^ namely, 5.24, 
10.08, and 13.57 ^^ measures of the number of molecules of sodium 
compounds with mono-, di-, and tri-valent acids which just stimulate. 
But as the acid radicles of these types carry i, 2, and 3 electrons, 
we get for the measure of the stimulating power per electron the 
values 5.24/1, 10.08/2, and 13.57/3, namely, 5.24, 5.04, and 4.52. 
These numbers are not identical, as they ought to be to confirm 
sharply the important principle that stimulation by solutions is a 
surface action ; but they agree well enough to help confirm a later 
calculation involving the principle of surface action as fundamental. 
Their mean value is 4.9. 

With the salts of potassium and ammonium the experimental results 
are not so clear cut, though on the average they confirm the prin- 
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ciple of surface action satisfactorily. The minimum stimulating 
concentration for salts with monovalent acids is about 4.5, for diva- 
lent acids 14, and for trivalent 20 in the potassium citrate and 30 in 
the ammonium citrate. If we take 4.5, 14, and 25 as mean values, 
and raise them to the | power in order to compare effects per unit 
surface, we get 2.73, 5.81, and 8.55, which upon division by i, 2, and 
3 respectively give 2.73, 2.90, and 2. 85- Here the agreement is as 
good as possible under the conditions. For the lithium salts the 
data are few, and give 3, 10, and 30 for the minimum stimulating 
concentrations for the three classes of salts. Taking the \ power of 
these and dividing by i, 2, and 3, we get 2.08, 2.32, and 3.22. Here 
the last number is markedly discrepant. 

The other result of importance concerning negative ions found 
by Mathews is the exceptional behavior of OH, The minimum 
stimulating concentration found for the hydrates is f^ for Na, ^ for 
K, and -^ for Li, while it is ^ for Sr. For all hydrates it is about 
jV gram-equivalent per litre. Here the positive ion seems to be of 
no account. Probably there is a different chemical action between 
nerve and alkali from that between nerve and neutral salt, the 
OH concentration at the nerve being so much increased that the 
positive ion of the hydrate never gets near enough to the nerve to 
make its field of electric force effective. Amongst negative ions 
OH is remarkable for the large ionic velocity usually assigned to it. 
In a paper contributed to the Philosophical Magazine I have sought 
to show that the OH ion does not really have this exceptional 
velocity, but that it dissociates a certain amount of water into H and 
OH ions whose velocities are credited to the original OH ion. This 
exceptional power of the OH ion is doubtless partly the cause of its 
exceptional behavior in stimulating nerves. By using the result 
20 to measure the stimulating power of an equivalent of hydroxide, 
we might make an attempt to separate the stimulating and 
depressing parts of the action of a dissolved salt. 

If 20^ measures the stimulating power of the OH ion, its value, 

7.4, may be taken to give the power of all negative ions. Hence, 
since 4.9 measures the power (of electric origin) of such types as 
NaCI and ) Na^SO^, we get the depressing power of the Na ion as 

2.5. For equivalents of K,Li, and NH4 salts the stimulating power 
is about 2.8 ; hence the depressing powers of K, Li, and NH ions 
are about 4.6. 

Special interest attaches to the H ion of acids. Its action appears 
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most clearly in the experiments on acid salts. While the minimum 
stimulating molecular concentration of Na^SO^ is j^i **>** "^ NaHSO^ 
is only \. Hence the depressing power of the H ion per unit surface 
exceeds that of the Na ion by 32* — 6*, or 6.8. With KjSO^ and 
KHSO4 the difTerence in the minimum stimulating molecular concen- 
trations is only that between 5 and 4, KjSO^ being markedly excep- 
tional. NaHjPO^ stimulates in concentrations ^ per litre, so 6* 
measures its stimulating power per unit surface. For NagPOf 
the normal power would be 50*. In this case the depressing power 

of the H ion exceeds that of the Na ion by 15 — II — i, or 5,1. 

On the average the depressing power of the H ion exceeds that of 

the Na ion by - — '■ ^, or 5.7. But the depressing power of 

Na was tentatively estimated above at 2.5, so that the depressing 
power of H is 8.2. Now the stimulating power of an equivalent of an 
ion was taken at 7.4. It seems to me to be the safer conclusion to 
state that the depressing power of H is about equal to the stimulating 
power of a monovalent negative ion. From this it would appear that 
the H ion differs from other positive ions in being able to give up its 
positive charge to nerve like a negative ion. As regards ionic 
velocity, the H ion is still more exceptional than OH, according to the 
values hitherto accepted. Just as in the case of OH I have sought 
to show that the true ionic velocity of H is not exceptional, but that 
the H ion splits about twice as much H^O into H and OH as the 
OH ion does, and is credited with the velocities belonging to these 
products of its action on water. Now in certain cases, as for instance 
that of globulin, the action of acids and alkalies on protcids is far 
more like a definite chemical one than that of neutral salts. On this 
account the positive charge of the H ion may be given up to nerve 
in a way not possible to the positive ions of neutral salts. If the 
depressing action of the H ion is equal to the stimulating action 
of monovalent negative ions, then acids ought to have neither a 
stimulating nor a depressing effect on nerve. In his experiments 
Mathews found the acids to possess a small stimulating power, 
which he attributes to other causes than those now under investiga- 
tion. In another way he showed hydrochloric acid to have a de- 
pressing power much greater than the stimulating power of sodium 
chloride or rubidium chloride. It seems to me, however, that it is 
necessary to distinguish two sorts of depressant action, namely. 
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that associated with permanent chemical change in the nerve and 
that not so associated. For example, the salts of heavy metals such 
as copper and mercury most probably form irreversible precipitates 
in contact with nerve. This chemical effect complicates the physi- 
ological investigation of the purely ionic electrical effect The 
clearest fact about the H ion is that it is a powerful depressant. 
The evidence, on the whole, goes to show that its depressing power is 
about equal to the stimulating power of a negative ion equivalent. 

The next business is to study comparative values of the electric 
force acting on the nerve at the surface of the different positive ions, 

-fV^- Values of K, the dielectric capacity of the stuff of the ion, 

are taken from "The Dielectric Capacity of Atoms,"' as also values 
of B, the limiting volume of a gram atom, £* being proportional to (^. 
As we desire to compare the action of equivalents, we must divide 
^^ 1 



in the it 



by V to get the effect to be ascribed to each electron charge e 



So in the subjoined table are given values of 



K& 



represent those of -^-ni which we wish to study. For Mg, Ca, Sr, 
and Ba I' = 2, and for the rest v =\. 



' H 

1 


u 


Na 


K 


Rb 


Cs 


NH, 


Mg 


Ca 


s. 


Ba 


K 


207 


6.27 


3.24 


1.62 


1.28 


1.08 


1.67 


6.S8 


5.16 


4.72 


3.83 


B 


8.00 


2.00 


7.40 


I&60 


34.40 


56.00 


18.00 


5.60 


zm 


10.60 


16.60 


1000 •- 


laaoo 


100.00 


81.00 


88.00 


74.00 


63.00 


87.00 


96-00 


92.00 


88.00 


aoo 



The value of K given for H is one calculated in accordance with my 
contention that the ionic velocity hitherto assigned to H, namely, 318, 
ought to be replaced by an unexceptional value, 67.5. For H the 

value of 1 is the largest in the list. Hence, even if the H ion 

does not give up its charge to nerve, as suggested above, it must 
exercise the largest depressing effect through its electric force, Ac- 

' Sutherland: Philosophical magazine, 1904 [6], vii, p. 403; or Australian 
association for the advancement of science, 1904, x, p. 122. 
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cording to the above list Cs ought to have the smallest depressing 
effect and Rb ought to come next. But Mathews found Rb to have 
the smallest depressing effect, although expecting Cs to give it. He 
quotes Griitzner as having found Cs to be less depressing than Rb. 
Evidently the point requires further experimental investigation. Next 
to Rb in low depressing power and nearly equal come Na and Ba in 
the above list, as Mathews found them. Then come K and NH^ 
nearly equal 'to Sr, in accordance with experiment. The list makes 
Li a rather decidedly stronger depressant than K and NH^, whereas 
we saw above that it comes out about equal to them in the experi- 
ments. Mg and Ca appear to depress a little more than Sr, while 
experiment makes all three about equal. The striking point about 

the theoretical measure -jy-\ for the depressing power of a positive 

ion equivalent is that it contains v, the valency. In view of this 
fact and the considerable range in the values of K and of B, it seems 
to me that the theory gives an adequate qualitative account of the 
electric action of positive ions on nerve. As to a complete quantita- 
tive test of the theory we are confronted with the difficulty that we 
do not know the relation between magnitude of electric force and 
amount of stimulation. If the depressing powers of Na and K ions 
are as 2.5 to 4.6, it would seem that depressing power is proportional 
to excess of electric force over some lower limit which just fails to 
stimulate. 

We can apply a rather searching test to the foregoing theory by 
using it to calculate the amount of electricity available in the experi- 
ments of Mathews with solutions for comparison with the directly 
determined charge of negative electricity necessary to stimulate 
nerve. Weiss has shown 'that to produce stimulation of a nerve a 
certain minimum quantity of electricity is required. For the sciatic 
of a frog he found this to he of the order io~* coulomb, which is equa) 
to 3 C.G.S. electrostatic units. Consider now a solution such as that 
of sodium chloride which Mathews found to stimulate frog's nerve 
at concentration 58.4/12 gms. per litre. In a solution of concentra- 
tion 58.4' gms. per litre there are as many molecules of NaCl as there 
are molecules of H in 2 gms. of hydrogen, or 88 X 10^. Thus a solu- 
tion of NaCI of strength 58.4/ 12 contains 7 x 10'* ions of CI per cc, 
so that we may take a square centimetre of nerve section immersed 
in such a solution to be in contact with 17 x 10^^ ions of Ct. But the 
1 Weiss: Comptes rendus, 1901, cxxxii, p. 1068. 
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electron charge of each ion is 3 x lo"'" electrostatic C.G.S. units. So 
the total charge of the CI ions in a cm^ is 5 1 X l&. By measurement 
I have found the sectional area of the sciatic nerve of a medium- 
sized frog to be 0.0038 cm.', while the sum of the sectional areas of 
the axis cylinders in it is 0.002 cm^. Hence the total charge of the 
CI ions in contact with the cross section of all axis cylinders in frog's 
sciatic nerve in Mathews' experiments with ^ solutions is 10 C.G.S. 
electrostatic units. A fraction of this, namely, about j, is made 
ineffective through being neutralized by the depressing effect of 
electric force from the Na ions, so that we deduce 7 units as the 
stimulating minimum. The agreement in the order of magnitude of 
the 7 deduced from Mathews' experiments and the approximate 3 
determined directly by Weiss is quite satisfactery, and furnishes sub- 
stantial confirmation of the contention that the stimulation of nerve 
by solutions must be regarded as a surface action at the cross section 
of the nerve. 



,v Google 



NOTE UPON THE PRESENCE OF AMIDO ACIDS IN 
THE BLOOD AND LYMPH AS DETERMINED BY 
THE |8 NAPHTHALINSULPHOCHLORIDE REACTION. 

Bv W. H. HOWELL. 

[From Oe Pkysialogieal Laberalary vf Ihi Jahns Hepkins Unrvtrtity.\ 

SINCE the introduction of the j3 naphthalinsulpbochloride reaction 
by Fischer and Bergell,' it has been used by a number of ob- 
servers to test for the presence of amido acids in the urine. The 
result of this work has been to show the probable normal occurrence 
in the urine of glycocoll at least, partly in a free form and partly 
combined.' Von Bergmann^ has also demonstrated by the same 
reaction the probable existence of an amido body of unknown com- 
position in the normal blood of dogs, and in human blood in a 
case of acute yellow atrophy. In the course of some work upon 
the composition of blood with special reference to the absorp- 
tion of the products of proteid digestion, the present author has 
obtained the y8 naphthalinsulpbochloride reaction from normal blood 
by a simple method. Instead of removing the proteid incom- 
pletely by heat coagulation according to the method used by von 
Bergmann, the amido bodies were separated by dialysis. For this 
purpose the convenient collodium membrane was used in place of 
parchment paper. This membrane, first employed, I believe, in path- 
ological experiments at the Pasteur Institute, can be made very easily 
and be given any desired form. It dialyzes much more rapidly than 
parchment paper for all readily dialyzable substances, but is im- 
permeable to the usual proteids of blood unless the dialysis is con- 

1 Fischer and Bergell: Berichte der deutsdien chetnischen Gesellschaft, 
igo2, XXXV, p. 3779. 

* Igkatowski; Zcitschrift fiir physiologische Chemie, 1904, xlii, p. 371; 
Embden and Reese: Hofmeister's Beitrage, 1905, vii, p. 41 1; Fobssnek: 
Zeitschrift fur physiologische Chemie, 1906, xlvii, p. 15; Abderh, 
ScHiTTENHELM : liiil., 1906, xlvii, p. 339, and Samnely : /bid., 1Q06, xlvi 

• Von Bergmann: Hofmeister's Beitrage, 1904, vi, p. 40. 

Z73 
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tinued for a long period. In the present experiments the membrane 
was constructed in the form of a flask with a capacity of about 250 cc. 
For this purpose one takes a 5 to 6 per cent solution of gun cotton ia 
a mixture of equal parts of absolute alcohol and ether. Some of the 
solution is poured into an Erlenmeyer flask of the desired capacity, and 
is then turned out while the flask is kept in slow rotation, so as to 
form an even layer of the adherent solution over the entire wall. The 
flask is drained carefully to remove the superfluous collodium, and is 
rotated slowly in the hands for several minutes until the solution adher- 
ent to the walls has hardened superficially. The flask is then filled 
with water; the membrane of collodium is separated at the mouth of 
the flask by means of a knife, and is gently detached from the waits of 
the flask for a distance by means of a blunt glass rod or spatula. 
After emptying the flask the entire membrane may then be removed 
conveniently by allowing a stream of water to flow in between the 
membrane and the glass wall. The membrane thus loosened may be 
pulled out without danger of rupturing. It presents the form of the 
Erlenmeyer flask, and may be kept in distilled water until used. In 
using these flasks to dialyze blood a glass tube 30 to 40 cms. in length 
was cemented into the mouth with collodium solution and firmly tied. 
By this means one prevents the overflow of the flask which would 
otherwise occur in consequence of. the permanent osmotic pressure 
exerted by the blood. The blood was allowed to flow directly from 
the blood vessel used into the flask, which was then swung in a 
vessel containing two to four litres of distilled water, and the dialysis 
was continued for five to twenty-four hours. The dialysate was then 
concentrated by evaporation to 50 to 100 cc, and tested directly with 
the ethereal solution of j9 napbthalinsulphochloride, made alkaline 
according to the usual procedure by the addition from time to time 
of appropriate amounts of a normal solution of potassium hydroxide. 
The mixture was kept in the shaking apparatus for four to twenty- 
four hours. A positive reaction for amido actds was obtained in all 
cases but one in blood taken from fourteen different animals. The 
experiments were all made upon dogs, and the blood was collected 
either from the portal vein or from the carotid artery or jugular vein 
in animals that had been well fed, five to six hours after the meal, or 
in animals in a fasting condition, twenty-four to fifty hours after a 
meal, 

Examtnitloa of tlis dlaljuta. — After a dialysis of five to six hours 
the dialysate was usually entirely clear ; after a longer dialysis, how- 
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ever, it might become slightly milky, owing possibly to the diffusion 
and precipitation of some of the globulin.' On concentrating the 
dialysate on a sand bath a slight precipitate might coagulate out, 
especially if the dialysis had been continued for a long time. The 
filtrate from this precipitate was somewhat colored; An effort to 
clarify the solution by treatment with animal charcoal was unsuccess- 
ful, since this substance holds back the amido acids. With regard to 
the amido bodies in the blood it was found that they are removed 
practically completely by a dialysis of five to«six hours. If after this 
time the flask is dialyzed against a new bulk of distilled water, the 
dialysate on concentration and examination in the usual way gives 
little or no indication of the presence of amido acids, while the first 
dialysate gives a distinct reaction. The condensed and filtered dialy- 
sate contains some sugar, but gives no indication of proteids when 
tested by the biuret or millon reagent. Inasmuch as preliminary 
tests with solutions of Witte's peptone showed that the collodium 
membrane is readily permeable to solutions of peptones and proteoses, 
the entire absence of a biuret reaction in the dialysate is a strong in- 
dication that no proteoses or peptones exist in the blood, even in the 
portal blood collected during the period of maximal absorption from 
the intestines. TTie question of the normal existence of peptones or 
proteoses in the blood, especially after a proteid meal, has given rise to 
much discussion (see accompanying paper on the proteids of the blood). 
The fact that a large proportion of the blood collected from the portal 
vein during full digestion and dialyzed against a membrane readily 
permeable to these substances, gives an entirely negative reaction to 
the biuret test, must be accepted as strong proof that the peptones 
and proteoses do not exist normally in the blood. When the concen- 
trated dialysate was saturated with zinc sulphate, a small flocculcnt 
precipitate was obtained, but that this precipitate did not consist of 
peptones or proteoses or indeed of proteid of any character was 
shown by the fact that when filtered off and dissolved the solution 
failed to give a perceptible reaction with the biuret test. 

The y3 napbtliallnialphoobloride reactloB. — As stated above, this 
reaction was positive in all cases except one in specimens of blood 
taken from fourteen different animals. The exceptional case was 
that of a dog in fasting condition, but it should be stated that in this 
instance the dialysate was shaken with the reagent for only two 

• On two occasions hemoglobin passed into the dialysate, owing to some im- 
perfection in the membrane. 
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hours. The procedure used in testing was as follows. The concen- 
trated dialysate was shaken with the ethereal solution of the reagent 
in distinct alkaline reaction for usually eight to nine hours. The 
ethereal solution was then removed by means of a separating funnel, 
and the aqueous solution after filtration was acidified with hydro- 
chloric acid. A cloudy white precipitate was obtained, which if shaken 
out with ether seemed to dissolve completely. The ethereal solution 
thus obtained was separated and evaporated to dryness, and the resi- 
due was dissolved in mater to which a trace of ammonia had been 
added \ the excess of ammonia was removed by heating and the so- 
lution was filtered and precipitated by acid. The precipitate thus 
obtained settled to the bottom as a slightly colored layer which on 
examination under the microscope presented the appearance of minute 
droplets of an oily character. The precipitate could not be made to 
crystallize. Repeated solutions in alkaline liquids with precipitation 
by acid, and long standing at low temperature failed to cause the 
formation of crystals. Repeated precipitations from hot water or di- 
lute alcohol failed to give a better result. In this respect the naph- 
thalinsulphoamido compound differed from that obtained by other 
observers from the urine, and it would appear therefore that the amido 
acid indicated is not glycocoll. The compound obtained by von Berg- 
mann from the blood behaved in a similar way as regards crystalliza- 
tion. If the first precipitate of the naphthalinsulphoamido compound 
obtained on acidifying the shaken mixture was allowed to stand instead 
of being shaken out with ether, it settled to the bottom of the beaker 
after some hours as a yellowish layer which adhered tightly to the 
bottom in the form of a smear. When the supernatant liquid was 
poured off and the smear was treated with ether, a portion dissolved. 
The portion soluble in ether, treated as described above, gave a pure 
white precipitate on acidifying which, however, could not be obtained 
in crystalline form. The portion not soluble.in ether balled together 
as a gummy mass when rubbed with a rod and was deeply colored. 
This portion dissolved readily in dilute solutions of alkali, and on 
acidifying precipitated in the form of yellowish flocks which depos- 
ited finally as clumps of yellowish granules. This portion seemed to 
contain all of the pigment present in the original precipitate. The 
failure to obtain the naphthalinsulphoamido compound in crystalline 
form suggested the possibility that the reaction might be due to one 
of the more complex polypeptids. An effort was made therefore to 
hydrolyze this body. TTie concentrated dialysate was evaporated to 
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dryness on the water bath, and the residue was boiled with strong 
hydrochloric acid for eight hours with a reflux condenser. The solu- 
tion was then evaporated to complete dryness on the water bath, 
taken up with water and treated with the /? naphthalinsulphochlo- 
ride. The precipitate obtained still deposited in oily drops, which 
could not be made to crystallize after repeated precipitations and 
exposure to low temperatures. 

ConpulaoB of portal nnd jngnlu- blood. — The blood was examined 
from dogs in full digestion, five to six hours after a meal, and from 
others in a fasting condition, twenty-four to fifty hours after a meal, 
and in some cases the blood was withdrawn from the portal vein 
directly, in others from the jugular vein or carotid artery. The 
amount of material obtained as a naphthalinsulphoamido compound 
was small in all cases, and no weighings have been made as yet, but 
judged by the appearance of the precipitate, a larger yield was ob- 
tained from the portal blood taken during digestion than from the 
jugular blood, and a larger reaction from the blood of the fed animal 
than from that of the starved animal. In three cases out of four 
examined, however, a positive reaction was obtained from both the 
portal and the jugular blood of animals starved for fifty hours, and 
this fact would indicate that amido acids are constantly present in 
the blood. It is hoped later to obtain quantitative measurements. 
The fact that the amido acids seem to be increased after digestion, 
while no trace of peptones or proteoses can be dialyzed from the blood, 
lends support to the modern view that the proteids during digestion 
and absorption are completely hydrolyzcd into their constituent 
amido acids, and that if any synthesis occurs, the products formed are 
either not present in the blood or are in a form which does not 
dialyze. It should be added that the concentrated dialysale from the 
blood gave always a precipitate with phosphotungstic acid in acid 
solution. Inasmuch as this reagent yields a precipitate so readily 
with dilute solutions of potassium or ammonium salts, a reaction of 
this kind is without significance in regard to the products of diges- 
tion unless the presence of organic bases can be detected by other 
means. An effort to obtain from this precipitate definite reactions 
forarginin gave negative results. 

Amido aolda In tb« lympb. — In one animal that had been well fed 
lymph was collected from the thoracic duct. Fifty cubic centimetres 
of this lymph were dialyzed against a litre of water for twenty-four 
hours. The dialysate was concentrated in the usual way, and, as in 
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the case of the blood, it contained sugar but .gave no reaction with the 
millon or biuret test. Treated with the >3 naphtbalinsulphochloride, 
it yielded a slight turbidity which settled to the bottom of the beaker 
as oily droplets which formed an adherent precipitate similar to that 
obtained from blood. The precipitate in this case was dissolved in 
barium hydrate, the excess of barium was removed by carbon dioxide ; 
the solution was filtered, boiled, and again filtered. On acidifying a 
milky precipitate was obtained which on settling showed some 
tendency to cryslatUze in needles. 

Th« osmotlo prakBore of the portal and the ftitorlBl blood. — In the 
dialysis as carried out in these experiments the blood showed consid- 
erable permanent osmotic pressure. If the blood was first heated to 
the point of coagulation, however, and then dialyzed, it showed little 
or no osmotic pressure, the membrane being so permeable to the salts 
and other readily diffusible constituents of the blood that the differ- 
ence in concentration due to these substances was very quickly equal- 
ized by diffusion. It is evident, therefore, that the permanent osmotic 
pressure exerted by the blood is due to the contained proteids, or, as 
Reid supposes, to certain unknown substances, combined or mixed 
with the proteids, which are altered or precipitated when the proteids 
are coagulated. In these experiments the osmotic pressure was 
measured simply by the height to which the liquid rose in the tube 
attached to the dialyzing flask. It was observed that in the speci- 
mens of portal blood the liquid rose more promptly and to a greater 
height than in the case of the carotid blood. With the portal blood 
the height of the column of liquid was equal to 270 to 300 mm., 
while in the carotid blood it was from 200 to 220 mm. Inasmuch 
as the percentage of proteids in the portal blood is greater than in 
the carotid blood, this fact alone may explain the ditTerence in perma- 
nent osmotic pressure. As measured by the lowering of the freezing- 
point, the concentration of the portal blood is considerably above that 
of the carotid blood, and the difference is distinctly increased during 
the period of digestion, as is shown by the following experiment. 
Dog A. — Starved for twenty-four hours. Serum obtained from clots of blood, 

taken from the portal vein and the carotid artery. Serum entirely clear 

and slightly concentrated from standing. 

Zero point for distilled water = 3.989 

Freezing-point of carotid serum (3 deterrainalions) 2-370 
2.369 

2.369 
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Freezing-point of portal serum (3 determinations) 1-349 
335" 

3-35° 
A of serum of carotid blood = 0.630° ; of portal blood = 0.639" i '^'f" 
ference = 0.019°. 

Dog B. — Well fed ; bled five hours after meal. Serum collected from clots 
was very milky — was centrifugalized. 
Freezing-point of carotid serum {i determinations) a. 360 
a -35 5 

2357 
Freezing-point of portal serum (3 determinations) 3.334 
2^330 

2.331 
4 of scrum of arterial blood = 0.632° ; of portal blood = 0.667° ! dif- 
ference = 0.035°. 

Summary. 

1. By means of dialysis through collodium membranes a sub- 
stance or substances may be separated from the blood which give the 
reaction of amido acids with /3 naphthalinsulphochloride. 

2. In the well-fed animal the amido acids are present in the 
blood of the portal vein in larger amounts than in the general sys- 
temic blood. Even after a starvation of fifty hours, however, a posi- 
tive reaction may be obtained from the blood. 

3. Lymph collected after a meal and treated in the same way 
gives a positive reaction. 

4. Although the collodium membrane is readily permeable to pep- 
tones and proteoses, no indication of the existence of these substances 
can be obtained from dialyzing portal blood collected during the 
period of maximum absorption. 

J. Owing probably to its larger percentage in proteids, the portal 
blood exhibits a permanent osmotic pressure larger than that shown 
by blood collected from the general circulation. 
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THE PROTEIDS OF THE BLOOD WITH ESPECIAL 

REFERENCE TO THE EXISTENCE OF A 

NON-COAGULABLE PROTEID. 

Bv W. H. HOWELL. 

{From thi PhysiolapaU L(Uioralory of Ike yohni Huptins UHiveriUy.\ 

BLOOD serum, when made feebly acid and completely coagu- 
lated by heat, is found to contain a non-coagulable residue 
which may be precipitated by saturation with ammonium sulphate, 
by phosphotungstic acid, and by other reagents. This non-coagulable 
portion of the serum has been investigated by several observers, and 
opinions differ as to whether it is a normal constituent of the blood 
or an artificial product formed during the act of heat coagulation. 
The investigations of previous observers may be summarized briefly 
as follows: Chabri^ seems to have been the first to call attention to 
this substance.' His method was to neutralize the serum (human) 
with acetic acid and heat it on the water bath until it was converted 
to a jelly. This jelly was cut into small pieces and extracted with 
boiling water. In the opalescent extract was found a proteid which 
he designated as albumon. It was not coagulated by heat, but was 
precipitated by alcohol and gave a number of the proteid reactions. 
Briinner' repeated Chabrii's experiments, modifying somewhat the 
method of preparation. He concluded that Chabrii's albumon does 
not pre-exist in the serum, but is split off from the serum proteids 
during the process of heat coagulation. As proof for this belief, he 
states that pure solutions of paraglobuUn and serum albumin yield a 
similar substance when submitted to heat coagulation. This expla- 
nation seems to have been accepted generally by later writers, but 
it may be pointed out that the experiments given by Brunner are 
not entirely conclusive, since the methods used by him to prepare 

' Chabri£: Comptes rendus de I'Acad^mie des sciences, 1891, cxiii. 
' BrOnnbk : Zur Kenntniss der Eiweisskoqjer des Blutserums, Inaugural Di&- 
i, Bern, 1894. 
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his pure solutions of paraglobulin or serum albumin were such as 
might have precipitated the alhumon, assuming that this proteid 
pre-exists in the blood. Zanetti ' has described a similar proteid 
which he obtained from ox's serum. This proteid after purification 
by repeated precipitation by alcohol gave many of the usual proteid 
reactions and in addition yielded a reducing body when treated with 
dilute acids. Zanetti concluded that the non-coagulabte residue in 
blood serum belongs to the group of ovomucoids. Langstein' re- 
peated Zanctti's experiments. He found that the proteid prepared 
by the latter's method did not yield a reducing body in all cases, 
and he was inclined, therefore, to regard the reducing body, when . 
present, as an impurity. He was convinced, however, that a non- 
coagulable proteid exists in the blood serum and assigned it to the 
group of albumoses, although no special reason for this classification 
was given other than the non-coagulability by heat. Bergmann and 
Langstein^ estimated the residual nitrogen-containing material of 
serum by the Kjeldahl method, after removing the coagulable pro- 
teid by heating in weakly acid reaction and in some cases after 
the addition of NaHjPO^ to I per cent. The amount of the 
residual nitrogen varied according to the conditions from 7.67 per 
cent to 14.7 per cent of the total nitrogen of the blood; and exami- 
nation of the substance yielding this nitrogen showed that it gave 
proteid reactions. They separated this non-coagulable residue into 
a portion consisting of primary and secondary proteoses and a portion 
precipitable by phosphotungstic acid. They give no conclusive 
proof, however, that the proteids in question belong to the group 
of proteoses. Kraus* used a somewhat similar method. He pre- 
cipitated blood plasma by heat coagulation in "acid reaction, and 
treated the filtrate, after concentration, with fj its volume of satu- 
rated solution of zinc sulphate and also by saturation with sodium 
chloride in acid reaction. If the precipitate produced by the last 
reagent cleared up on heating, he concluded that all coagulable pro- 
teid had been removed. The solution was then precipitated by 
saturation with zinc sulphate or by phosphotungstic acid, and the 
amount of nitrogen contained in it was determined. The results 

> Zanetti: Annali di Chimica e di Farmalogica, No. 12, i')97; quoted from 
JahresbererJchl der Thier-Chemie, 1897, xxvii, p. 32. 

^ Langsteim: Hopmbistbr's Beitrage, 1902, iii. p. 373. 

■ Bergmann and Langstbin: Hopmeistbk's Beitrage, 1904, vi, p. 27. 

' Kraus: Zeitschrift fiir experimentelle Pathologie und Thgrapie, 1906, iit, 
p, 52- 
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obtained were variable, indicating that when the blood contained a 
total nitrogen of 2.^3 to 4.47 per cent, the residual nitrogen of the 
non-coagulable portion varied from 0.039 to 0.146 per cent. In this 
as in the paper by Bergmann and LangsteJn no positive proof is 
given that the non-coagulable proteid belongs to the group of 
albumoses, and no proof whatever that the substance in question 
is not split off from the other proleids of the blood during the act 
of heat coagulation. So far as the residual nitrogen is concerned, 
it is evident that, as determined by these authors, it includes such 
substances as the amido acids, urea, lecithin, etc., which would be left 
in the serum after removing the coagulable proteid. Regarding the 
question of the existence of peptones or proteoses in the blood, 
Hofmeister, Toepfer, Embden and Knoop are quoted as having 
obtained positive evidence, while Neumeister, Abderhaldcn and Op- 
penheimer report negative findings.^ 

As stated in an accompanying paper, the author has shown recently 
that when an animal is bled from the portal vein during the height 
of digestion, and the volume of blood obtained (250 c.c.) is dialyzed 
against distilled water, using a collodium membrane, no trace of 
peptones or proteoses can be detecte 1 in the concentrated dialysate. 
Since the collodium membrane is reidily permeable to peptones and 
proteoses, and since the other diffusible constituents that exist in the 
portal blood, such as sugar, amido acids, ammonia salts, can be 
detected easily in the dialysate, it follows that if this form of proteid 
exists in the blood in even minute amounts it would be detectable 
by this means. Whether there is a proteid in the blood not coagu- 
lable by heat is, it seems to the author, a different question from 
whether peptones 'and proteoses are present. The former question 
is difficult of solution, but regarding the latter the evidence is so 
unsatisfactory that one is justified at present in denying their exist- 
ence normally in the blood in amounts that can have a physiological 
significance. 

Tlis noa-ooagulabl« proteid la unim. — That the blood serum con- 
tains after heat coagulation a residual non-coagulable proteid is a 
fact beyond question, if by non-coagulable proteid is understood 

' HoPHKiSTER : Zeitscbrift fijr physiologische Chemie, 1881, v, p. 127; Toep- 
fer : Wiener klinische Wochenschrift, 1902, No. fi; Embden and Knoop: 
Hofmeistek's Beitrage, 1903. iii, p. 120; Nkumeester: Zeitschrift fur Biol(^ie, 
1888, xxiv, p. 273; Abderhalden and Oppenheimeb: Zeitschrift f(ir physiolo- 
gische Chemie, 1904, xlii, p. 155, 
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one not coagulated by heat in feebly acid reaction in the otherwise 
unaltered serum. The author has attempted to study this proteid 
using the following method. The serum (dog, beef, horse) was col- 
lected usually from a clot, although in some cases oxalate or fluoride 
plasma was used. The serum was diluted with once or twice its volume 
of a solution of sodium chloride, O-/ per cent, and thoroughly cen- 
trifrugalized. It was then heated on a water bath to 85° C. and dilute 
acetic acid was added, while stirring, until the reaction was per- 
manently but feebly acid. The heavy coagulum obtained was filtered 
off through cotton cloth, and the serum was again heated to 85°, with 
the addition of more acid if necessary to maintain a feebly acid reac- 
tion, and again filtered through filter paper. The clear yellow filtrate 
gave no further coagulum upon heating to 85" or 100° C. when beef 
serum was used. Dog serum, if kept for a number of minutes at 85° 
to 100° C, developed an opalescence which gradually took the form 
of a fine precipitate. This precipitate could not be filtered off suc- 
cessfully in all cases. The beef serum, although it remained entirely 
clear or developed only a slight opalescence when boiled, also gave a 
similar fine precipitate on boiling if the reaction was made strongly 
acid with acetic acid. This precipitate brought down with it all of 
the pigment present, and was characterized when fresh by a delicate 
agreeable odor. The non-coagulable proteid left after the heat coag- 
ulation of the albumin and globulins of the serum falls, therefore, into 
two parts, — one which is entirely unaffected by boiling in strong acid 
reaction, and one which by prolonged heating to 85° to 100° C, es- 
pecially in strong acid reaction, is precipitated more or less imperfectly. 
The qualitative reactions of these proportions were apparently the 
same, so that in most cases the entire proteid left in the clear filtrate 
from the coagulum thrown down at 850 was treated as one. The actual 
amount of this material and of its two parts was determined in sev- 
eral analyses, but the figures did not agree very closely, owing, as 
was discovered later, to the fact that lecithin and other substances 
extractable by alcohol and ether are present, and the thoroughness 
of this extraction alters considerably the results. The following fig- 
ures, however, were obtained. The total non-coagulable proteid 
determined in three specimens from different animals by precipita- 
tion with ammonium sulphate and reckoned in percentages of the 
weight of serum used, was, respectively, 0.76, 0.85, and 0.91 per cent, 
an average, therefore, of 084 per cent. The portion coagulated 
at 100° C. in strong acid reaction, determined in six specimens, was 
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0-3I, 0.31, a2 1, 0.35, 0.29. and 0.38 per cent of the serum used, giving 
an average of 0.31 per cent. The proteid left in the blood serum 
after boiling in strong acid reaction was therefore equal to about 0.5 
per cent. This proteid was not a form of acid albumin, since it was 
not precipitated by neutralization nor by saturation with sodium 
chloride- 

QualltatlT« r*aotioiM of tli« non-ooagiilablo piot«ld. — These reactions 
apply to either portion of this proteid as described above. 

1. It gives an excellent millon reaction. 

2. It gives a blue-purple biuret reaction. 

3. It gives a xanthoproteic reaction. 

4. It is not precipitated by dialysis, nor by carbon dioxide after 
dilution. 

5. It is precipitated by potassium ferrocyanide and acetic actd if 
the reaction is made strongly acid. 

6. It is precipitated by nitric acid, the precipitate not disappear- 
ing on heating. 

7. It is not precipitated by complete saturation with sodium 
chloride. 

8. It is incompletely precipitated by saturation with magnesium 
sulphate. 

g. It is completely precipitated by ammonium sulphate added to 
a saturation of 50 to 70 per cent. 

10. It is precipitated by alcohol added to a concentration of 50 
per cent or more. 

11. It is precipitated in acid solution by phosphotungstic acid or 
iodine in solution in potassium* iodide. 

12. After dialysis and the addition of sodium, potassium, or lithium 
chloride it gives no precipitate on trailing. A coagulum occurs, 
however, under these conditions upon the addition of ammonium 
chloride or sulphate or the chloride of magnesium, calcium, or 
barium. 

13- It gives always a strong reaction for phosphorus and a distinct 
reaction for iron. The sulphur reaction was in some cases negative. 

The ooDt«nt In phoapboms. — It was quickly discovered that the 
non-coagulable proteid gives a strong reaction for phosphorus, and a 
number of quantitative determinations of this element were made 
by the ammonium molybdate method. The proteid was prepared 
as follows. After complete coagulation at 85" C. the filtrate was 
precipitated by saturation with ammonium sulphate and was purified 
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by three successive precipitations. The tinal solution was in some 
cases dialyzed in parchment tubes against ranning water and dis- 
tilled water until it failed to give a reaction with barium chloride, 
and was then precipitated by the addition of alcohol. In other cases 
it was heated for two hours at a temperature of 105" to 110° C, and 
the precipitate then washed with boiling water until all sulphate was 
removed. The figures obtained by the first analyses made were very 
variable, ranging from 0.144 to 2.9 per cent of the weight of proteid, 
and it was found that this variation depended on the extent of washing 
of the precipitate with alcohol and ether. When the precipitate 
obtained by either method was thoroughly digested with boiling 
alcohol and then with ether, the phosphorus reaction disappeared 
entirely or was so small that no weighings could be made. The alco- 
hol and ether extracts were found to contain lecithin and other related 
bodies, as described below. It is evident from these facts that the 
non-coagulable proteid does not belong to the group of nuctco-protcids 
or nucleo-albumins, but when precipitated carries down with it some 
lecithin in a form of combination such that the lecithin can be 
extracted by hot alcohol. Hoppe-Seyler long ago called attention 
to the fact that the globulins of the blood when precipitated carry 
down some lecithin, and the present author has found this to be the 
case even with the precipitate of blood serum produced by carbon 
dioxide. Fuld and Spiro ^ call attention to the fact that pseudoglob- 
ulin, obtained by saturating serum to 34 to 46 per cent with ammo- 
nium sulphate, always contains phosphorus. Bernert^ also reports 
that in a milky ascitic exudate examined by him the portion of the 
proteid precipitated by one-half saturation with ammonium sulphate 
gave an abundant reaction for phosphorus, but that all of the phos- 
phorus-containing material could be extracted by hot alcohol. Freund 
and Joachim' claim to have discovered a phosphorus-containing pro- 
teid in the blood which they designate as a nucleo -globulin. Since, 
however, they give no satisfactory evidence of obtaining from this 
proteid any of the characteristic dissociation products of nuclein or 
pseodonuciein, it remains doubtful whether the proteid they were 
dealing with was a nucleo-proteid or nucleo-globulin, or simply a 

' FiTLD and Spiko : Zeitschrift fijr physiologische Chemie, 190c, xxxi, p. 140. 

* Bkrnert ; Archiv fur expert mentelle Pathologic und Pharmakologie, 1902, 
xlix, p. 48. 

* FaeuND and Joachim : Zeitschrift fiir physiologische Chemie, 1902, xxxvi, 

p. 407. 
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lecithia-containing proteid from which the phosphorus-containing 
material might have been extracted by the action of hot alcohol. 
The author has prepared this so-called nucleo^lobulin by the method 
described by Freund and Joachim, and finds that it contains lecithin 
and other materials extractable with alcohol and ether. After 
thorough extraction with boiling alcohol and with ether the residue 
remaining failed to yield a positive test for phosphorus. 

BzamlDattoa of tho phoapboma extract. — The non-coagulable pro- 
teid prepared as already described was usually extracted first with 
warm absolute alcohol, then with a mixture of equal parts of alcohol 
and ether, and finally with boiling absolute alcohol. The extracts 
taken together were evaporated to dryness at a low temperature, and 
yielded a yellow waxy material very soluble in ether, but soluble with 
some difficulty in alcohol. This material contained much lecithin. 
When mixed with a drop of water and examined under the microscope, 
it gave beautiful myelin tubes, and when treated according to the 
usual method with barium hydroxide, carbon dioxide, and [platinum 
chloride, it yielded the orange-colored crystals characteristic of cholin. 
Two quantitative analyses of the residue after repeated solutions in 
ether and evaporation at a low temperature yielded 1.25 and 1.77 per 
cent of phosphorus. In the first analysis the residue was weighed 
directly after heating for several hours at 100°, until an approxi- 
mately constant weight was obtained. In the second the weight of 
substance used was determined by difference, that is, the non-coagu- 
lable proteid was weighed before and after extraction with the alcohol 
and ether. Further analyses were not made, as it seemed certain from 
the low percentage of phosphorus that the residue was' not composed 
entirely of lecithin. This conclusion was verified by a qualitative 
examination of the residue, according to which the following separate 
parts could be recognized; — 

I. A portion precipitable from ethereal solution by acetone, the 
precipitate soluble in cold alcohol. This portion contained nearly 
3 per cent of phosphorus and was largely lecithin. 

II. A portion precipitable from ethereal solution by acetone, but the 
precipitate not soluble in cold alcohol. Its ethereal solution evapo- 
rated to dryness yielded a hard waxy mass which gave an abundant 
reaction for phosphorus. Under the microscope it showed agranular 
structure, but gave no myelin figures on the addition of water. 

III. A portion precipitable from its ethereal solution by the addition 
of alcohol. The precipitate was slightly colored and soluble in water. 
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The amount of this material was very small ; it gave a phosphorus 
reaction, but failed to'respond to any of the reactions for jecorin. 

IV. A portion not precipitable from its ethereal solutions by 
acetone, soluble in cold alcohol. The residue on evaporation was 
oily ; it gave a reaction for phosphorus, and under the microscope 
showed numerous crystals resembling those of fatty acids and with a 
melting-point at about 60^ C. The residue had an acid reaction. 

V. A portion not precipitable from its ethereal solutions by ace- 
tone, soluble with difficulty in cold alcohol. On evaporation it gave 
a hard waxy mass which gave only a faint reaction for phosphorus 
and no myelin figures on the addition of water. 

The material available for study did not suffice for further work, 
but it seemed evident that in the alcohol-ether extract of the non- 
coagulable proteid there was no substance corresponding to jecorin, 
while there were present two substances at least (I and II) rich in 
phosphorus, one of which (I) gave the characteristic myelin figures 
of lecithin on the addition of water, while the other failed to give 
this reaction. 

The fact that the non-coagulable proteid when precipitated by 
ammonium sulphate or alcohol yields such a large amount of lecithin 
and related substances suggests that it may consist of a lecitho-proteid. 
Several authors, notably Liebermann,^ have contended for the exist* 
ence of such a group of proteids. Osborne and Campbell,^ following 
Hopper-Seyler, have described a compound of lecithin and nucleo- 
proteid occurring in the yolk of the hen's egg. The assumed com- 
pound has the properties of a globulin, and the lecithin in it can be 
extracted by alcohol. As was stated above, the globulin, particularly 
the pseudoglobulin, when precipitated by salts or carbon dioxide, 
carries down with it some phosphorus-containing material, pre- 
sumably lecithin. But the non-coaguIable proteid contains a larger 
amount of this material. When the blood is coagulated at 80° to 85° 
C, the heat coagulum contains only a small amount of phosphorus in 
a form extractable by alcohol, while the non-coagulable proteid is 
relatively rich in this substance. The portion of the non-coagulable 
proteid that is thrown down by boiling in strong acid solution con- 
tains also much phosphorus material extractable by alcohol. The 
amount of lecithin or related substances contained in the non-coagu- 

^ LiEBERMAivK : Archiv fiir die gesammte Physiolagie, 1891, 1, pp- 25 and 55. 
' Osborne and Campbell : Journal of the American Chemical Society, 1900, 
xxii, p. 413- 
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lable proteid is therefore notewortliy. When this proteid is precip- 
itated by salts (ammonium sulphate), the lecithin is carried down ; 
when dissolved, the lecithin passes into solution with it. Alcohol 
splits ofF a part of the phosphorus-containing material very easily, but 
for its complete removal the prolonged action of boiling alcohol is 
necessary. It is possible, therefore, that the non-coagulable proteid 
may be a iecitho-proteid compound, whether it pre-exists in the normal 
blood or is formed during the process of heating. A definite com- 
pound between the proteid and the lecithin would be indicated if the 
amount of lecithin or phosphorus-containing material showed a con- 
stant proportion. So far as my analyses go, however, this is not the 
case. Results of the following character were obtained ; — 

I. Weight of the non-coagulable proteid precipitated by 

aoimonium sulphate = 0.3959 gm. 

Weight of the alcohol ether extract = 0.1480 gra 

Percentage of phosphorus in the alcohol ether extract = 1.77 percent. 

Percentage of phosphorus in the proteid after extraction = 0,87 per cent. 

Weight of lecithin estimated from the phosphorus . - = 0.1474 gm. 

Percentage of lecithin in the non-coagulable proteid . = 37 per cent. 

II. Weight of the non-coagulable proteid precipitated by 

ammonium sulphate = 0,8495 S*^* 

Weight of lecithin estimated from the phosphorus in the 
alcohol ether extract o.i 13, and in the proteid after 

extraction 0.092 = 0.105 i^- 

Percentage of lecithin in the non-coagulable proteid . = 24 per cent. 



Although not constant, it will be seen that the amount of phosphorus- 
containing material in the precipitated non-coagulable proteid is very 
large, much greater than in the portion of the serum proteids coag- 
ulated by heat. This adherent or combined lecithin modifies the 
properties of this proteid, and there can be no doubt that the albu- 
monof Chabri^ and the non-coagulable proteid of the blood investi- 
gated by other authors consisted of this compound. It was not pos- 
sible to determine the properties of the proteid combined with the 
lecithin, since the method of removing completely this latter sub- 
stance, namely, by prolonged boiling with absolute alcohol, must have 
altered this proteid constituent. The material left after extraction 
with the alcohol was only partially soluble in water. The portion 
dissolved was precipitable by alcohol, but this precipitate in turn 
was only partially soluble in water. The aqueous solution thus 
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obtained became opalescent on boiling, and with the biuret reagent 
gave a redder tint than the original proteid. 

TbB IrOD and salpltiir oontenU of tli« oon-ooagnlable proteid. — After 
removal of the phosphorus-containing bodies and other material 
eztractable by alcohol and ether, the remaining material was found to 
contain sulphur and iron. A single analysis for sulphur gave for 
0.7033 gm. of the proteid a0229 gm. of barium sulphate, or 0.45 per 
cent of sulphur. The content in iron was more noteworthy. The 
proteid material after thorough extraction with alcohol gave always a 
distinct reaction for iron. The possibility that this iron might have 
arisen from the slight amount of haemoglobin usually present in the 
serum was disproved by a special experiment made with the oxalated 
plasma of the horse. This plasma was entirely free from haemo- 
globin, as far as could be determined by its color when seen in mass, 
by the spectroscope and by the results of Almen's test. The non- 
coagulable proteid prepared in the usual way fiom this plasma gave 
an excellent iron reaction. The iron was determined quantitatively in 
three cases by fusing the proteid with sodium carbonate and potas- 
sium nitrate and precipitating by ammonium hydroxide. The three 
analyses gave, respectively, 0.19, 0.17, and a.29 per cent of the 
extracted proteid. The maximum amount of iron is so small that it 
would seem impossible for it to form a constituent part of the proteid 
molecule, as is the case also with many of the iron-containing 
proteid compounds, such as the nucleo-albumins, found in the tissues 
or liquids of the body. The amount of iron is sufficient, however, 
to make this compound of interest in connection with the iron 
metabolism of the body. 

Tbe relatiot) of the Inorganlo aalts of tbe blood to the heat oo&gulatioa 
of tba proteida. — The usual proteids of the blood serum, serum 
globulin and serum albumin are distinguished from each, other by 
their reaction toward magnesium sulphate or ammonium sulphate. 
Moreover the two portions of the globulin usually recognized, 
namely, euglobulin and pseudoglobulin, are likewise differentiated by 
the degree of saturation with ammonium sulphate necessary for their 
precipitation. Every one who has worked with these proteids must 
have recognized the unsatisfactory nature of this classification. The 
portion of proteid precipitated by half-saturation with ammonium 
sulphate and designated as serum globulin is not a well-defined 
chemical substance with uniform properties, and the same may be 
said of the fractional portions distinguished as euglobulin and pseudo- 
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globulin. A solution of either one of these latter proteids submitted 
to dialysis exhibits a portion that precipitates and a portion that 
remains in solution,* — an indication of the presence of two different 
substances in spite of the fact that they both come down at a certain 
degree of saturation with ammonium sulphate. The author has been 
much impressed also with the fact that the blood proteids after 
precipitation with ammonium sulphate exhibit quite different proper- 
ties, as regards their precipitation and coagulation especially, from 
those shown before the action of this salt. This diSerence may be 
shown in several ways. If blood serum is dialyzed very completely, 
a certain amount of precipitate forms which settles to the bottom 
of the dialyzing flask and leaves a perfectly clear supernatant liquid 
that may be filtered off. If now this clear liquid is precipitated by 
ammonium sulphate, filtered, redissolved, and the solution again 
dialyzed, a further abundant precipitate comes down. The action 
of the ammonium sulphate has rendered a portion of the proteid 
susceptible of precipitation by dialysis. Again, if blood serum is 
precipitated by ammonium sulphate added to one-third or one-half 
saturation, and the portion thus isolated is redissolved, it will be found 
that the proteid in solution is precipitable by a less degree of satu- 
ration with ammonium sulphate than was the case with the original 
serum. The difference in the properties of the proteids caused by 
precipitation with ammonium sulphate is most clearly shown by the 
effect on heat coagulation. Facts of the following kind may be 
demonstrated. If blood serum is precipitated by one-half saturation 
with ammonium sulphate to remove the so-called serum globulin, and 
the filtrate containing the serum albumin is thoroughly dialyzed until 
no reaction is given with barium chloride, the solution thus obtained 
gives no distinct coagulum on heating. If the solution is concen- 
trated, an opalescence will develop on boiling, but no coagulum. 
Moreover, if sodium chloride, potassium chloride, or lithium chloride 
be added to a concentration of, say, two per cent, boiling still fails 
to give a coagulum ; in fact, the presence of these salts may even 
prevent the formation of an opalescence. Addition, however, of a 
little ammonium sulphate or chloride, or the chlorides of magnesium, 
calcium, or barium will cause a flocculent precipitate when the 
solution is heated to 70''-7S'' C. On the contrary, if the precipitate 
of serum globulin thrown down by half-saturation with ammonium 
sulphate is redissolved and thoroughly dialyzed, the solution precipi- 
' Freund and Joachim : Loc. cit. 
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tates in part, and the precipitate after solution, as well as the portion 
not precipitated by dialysis, gives a heat coagulunt at 70°-75''C. in 
the presence of sodium, potassium, or lithium chlorides. These facts 
would seem to indicate that serum albumin is a proteid whose com- 
binations with salts of sodium, potassium, or lithium are non-coagu- 
lable by heat, and in this respect different in a striking way from the 
serum globulin which coagulates readily in the presence of these salts. 
This conclusion is not borne out, however, by observations upon 
blood serum not treated with ammonium sulphate or upon blood 
aenim completely saturated with ammonium sulphate. If, for in- 
stance, one takes normal blood serum and dialyzcs it thoroughly, a 
certain smalt portion is precipitated. If this precipitate is filtered ojf 
and the filtrate is tested as to its heat coagulation in the presence 
of salts, no indication will be found of the existence of two proteids, 
one of which suffers heat coagulation in the presence of sodium, 
potassium, and lithium salts, and one of which remains uncoagulated. 
On the contrary, all of the remaining proteid that can be precipitated 
by heat comes down at a temperature of 85° C. or more in the 
presence of sodium, potassium, or lithium salts, and at a temperature 
of 70°-7S° C, in the presence of ammonium salts. On the other hand, 
if the serum is precipitated by complete saturation instead of by 
half-saturation with ammonium sulphate, and the precipitate, con- 
sisting of both the serum globulin and serum albumin, is redissolved 
and thoroughly dialyzed, a certain portion of the proteids will be 
precipitated, the precipitate coming down in two parts, — one, the 
larger portion, appearing early in the dialysis, and one later, after the 
salts have been removed more completely. If these precipitates are 
filtered off and the clear, thoroughly dialyzed solution is heated 
after the addition of sodium or potassium chloride, all the proteid 
capable of heat coagulation comes down at 80° C. or below. It 
would seem from these results that so-called serum albumin left after 
half-saturation with ammonium sulphate is incoagulable by heat 
if no salts are present except those of sodium or potassium, but if 
first precipitated by ammonium sulphate, it is rendered coagulable 
in the presence of sodium and potassium salts also. It would seem 
evident from these facts that once the proteid of the blood serum 
or any portion of it is precipitated by ammonium sulphate its 
properties become altered ; one may say in general that its solubility 
is decreased or its tendency to precipitation is increased. It is 
possible that this change maybe due to the fact that the precipitate 
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with ammonium sulphate is a compound of the proteid and this salt, 
and that when redissolved it goes into solution in this form as a 
proteid compound different from that formerly existing in the blood. 
Moreover, when a portion of the blood proteid (the globulin) is 
precipitated by ammonium sulphate, the portion left behind (the 
albumin) is also altered, as is shown by the difference in reaction 
toward heat coagulation in the presence of sodium and potassium 
salts, between scrum dialyzed before and after half saturation with 
ammonium sulphate. The serum albumin in the latter case is not 
coagulable by heat in the presence of sodium or potassium salts 
alone, while in the former case it is completely coagulable in the 
presence of these salts, although with some difTiculty. It would seem 
that the ammonium sulphate in throwing down a portion of the 
proteid (serum globulin) had rendered it more easily coagulable, but 
had left the albumin in a less readily coagulable form. All of these 
facts tend to throw suspicion upon our present system of classification 
of blood proteids so far as it is based upon the separation by satu- 
ration with the sulphates of magnesium, ammonium, or zinc Precipi- 
tation by these salts alters the properties of the portion precipitated as 
well as of the portion left in solution. This fact, taken with the further 
fact that the portions of proteid separated by one-third or one-half 
saturation with ammonium or zinc sulphate fail to exhibit uniform 
reactions, would indicate that the method of salting out forms artificial 
lines of demarcation between the different proteids of the blood. 
To define a globulin as a proteid precipitated by half saturation with 
ammonium sulphate or by saturation with magnesium sulphate is 
unsatisfactory, since the portion left behind as serum albumin, if 
itself precipitated by further saturation with ammonium sulphate, 
may exhibit the properties of a globulin as tested by this reaction. 
The group definition that we give to the globulins is that they are 
insoluble in water free from neutral salts, and in accordance with 
this definition it would seem to be more appropriate to restrict the 
term serum globulin to that portion of the serum proteid which is 
precipitated upon complete dialysis. The proteid so precipitated 
seems to contain no lecithin or other phosporus-containing body. 
When dissolved in dilute solutions of sodium chloride, it coagulates 
at 68° to 70' C, the precipitation being complete and precise. The 
proteid left in solution after the dialysis is, according Co the usual 
nomenclature, a mixture of globulins and albumin, but the so-calted 
globulin remains in solution no matter how complete the dialysis 
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may be- If, however, the remaining proteid is precipitated by 
ammonium sulphate, redissolved, and again dialyzed, a very large 
proportion will be precipitated. Evidently this portion is altered 
in some way by the action of the ammonium sulphate; a proteid 
that under its normal conditions acted like an albumin now gives 
the distinctive reaction of a globulin. The proportion of the proteid 
precipitablc by dialysis seems to be greater when the serum is 
entirely saturated with ammonium sulphate than when it is half 
saturated with this salt, ^a fact which would indicate that when once 
the proteid or any portion of it has come down in combination with 
ammonium sulphate, the presence of this salt in combination renders 
it less soluble and more easily precipitated by dialysis or heat. It 
would seem to be more consistent to designate as globulin only that 
portion of the serum proteid which is precipitated by dialysis when 
the unchanged serum is submitted to this process, and to call the 
remainder serum albumin, since it remains in solution in spite of the 
removal of all diffusible salts. Since, moreover, this portion forms a 
combination of some kind with lecithin or a lecithin-containing 
complex upon which its properties depend, it might be more appro- 
priate to speak of it as a lecitho-albumin compound. However 
precipitated, some phosphorus-containing material may be extracted 
from the precipitate, whereas the proteid thrown down from the 
original serum by dialysis alone is free from this material. 

DoM ■ Don-oo«gnl»bl« protsld sxlat In th« blood? — From the facts 
described in the foregoing pages it is evident that the precipitability 
of the proteids, and especially their property of heat coagulation, 
depend upon the character and quantity of the salts present. In the 
presence of ammonium sulphate and a slightly acid reaction all of 
the proteid comes down upon heating. But in serum containing only 
its normal salts there is a portion not coagulable by heat even when 
the reaction is distinctly acid. Some of the properties of this portion 
of the proteid have been described, and it is evident from these prop- 
erties that it does not belong to the group of proteoses and peptones. 
The important question arises as to whether this proteid exists 
normally in the blood or is an artificial product split off during 
the process of beating. This question is difficult or impossible to 
answer in a satisfactory way. As isolated by the process of heating, 
it is a proteid differing from both the serum globulin and the albumin 
as ordinarily described. It is characterized by its large content of 
phosphorus and iron ; it differs from the serum albumin in being 



,v Google 



294 ^- H- Howell. 

more readily precipitated by ammonium sulphate, and in giving, when 
thoroughly dialyzed, a blue-purple reaction with the biuret test instead 
of a reddish purple; it differs from the serum globulin, on the other 
hand, in not being coagulated by heat after complete dialysis when 
salts of sodium, potassium, or lithium are added, resembling in this re- 
gard the so-called albumin. If, following the usual method of sepa- 
ration, solutions o(*euglobulin and pseudoglobulin are prepared by 
fractional precipitation of the serum with ammonium sulphate, and 
are then completely dialyzed to remove the ammonium sulphaie, 
it will be found that on the addition of sodium or potassium chloride 
to the dialyzed solution the euglobulin is practically completely 
precipitated by heating in acid reaction, while the pseudoglobulin 
is incompletely precipitated, and the portion left in solution resembles 
the non-coagulable proteid left after heating the whole serum. Serum 
albumin prepared by repeated crystallization or by precipitating the 
serum with acetic acid after half saturation with'ammonium sulphate 
is, as stated above, not coagulated at all by heating in the presence of 
sodium or potassium salts, but in the presence of a small amount 
of ammonium sulphate or chloride is practically completely precipi- 
tated upon heating. If therefore the non-coagulable proteid pre-exists 
in the serum, it is thrown down, in part at least, with the serum glob- 
ulin as usually prepared. The author, however, while unable to reach 
any perfectly satisfactory conclusion in this matter, has been con- 
vinced that this non-coagulable proteid is in reality an artificial 
product split off from the complex material present in the normal 
serum. This conclusion is based partly upon the inconstancy in the 
amount and the reactions of this material and partly upon the follow- 
ing consideration: When the whole serum is dialyzed, a portion of 
the proteid is precipitated, the true globulin. If to the balance 
of the serum one adds sodium chloride or potassium chloride to the 
strength of i to 2 per cent, and boils, practically all of the proteid is 
precipitated after one or two heatings. Subsequent addition of am- 
monium or barium chloride followed by heating causes no further 
precipitate. If the non-coagulable proteid were present, it should be 
left in solution, to be thrown down upon subsequent heating with 
barium or ammonium chloride, since its solutions are incoagulable in 
the presence of sodium or potassium salts alone. While this argu- 
ment is not conclusive, none of the facts that may be urged in favor 
of the pre-existence of this proteid is free from the objection that it 
may be split off during the process of heating in acid solutions. 
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Summary. 



r. After complete coagulattoo of blood serum at Soo-Ss^C. in 
feebly acid reaction (acetic acid), there remains in solution a proteid, 
Chabri^'s albumon, which is not coagulated by boiling, but which may 
be incompletely precipitated by prolonged boiling, especially if the 
reaction is made strongly acid. 

2. This non-coagulable proteid is not a peptone or proteose. When 
precipitated by nitric acid, the precipitate does not clear up on warm- 
ing: it gives a blue-purple biuret reaction; it is not readily diffusible, 
and in the presence of salts of ammonia, barium, calcium, or magne- 
sium is coagulated by heating. When isolated from its solutions by 
precipitation with ammonium sulphate, added to one-half saturation, 
or by alcohol, it yield? considerable phosphorus-containing material 
(lecithin), which may be removed completely by extraction with 
boiling alcohol. It contains also a distinct amount of iron. 

3. Blood serum from the fed or starved animal when submitted to 
dialysis in collodium tubes gives no indication of the presence of a 
perceptible amount of peptone or proteose. 

4. Serum albumin isolated in the usual way by half saturation of 
the serum with ammonium sulphate followed by complete dialysis, 
or precipitated from its solutions by acetic acid after the removal of 
the globulins and then redissolved and dialyzed, shows the peculiarity 
that its solutions when heated in the presence of sodium, potassium, 
or lithium salts give no heat coagulum. Addition of small amounts 
of ammonium sulphate "or chloride, or barium, calcium, or magnesium 
chloride, causes the formation of a coagulum on heating. Solutions 
of the globulins after precipitation by ammonium sulphate, followed by 
complete dialysis of their solutions, are coagulated by heating in the 
presence of salts of sodium, potassium, and lithium, as well as those 
of ammonia, barium, calcium, and magnesium. 

5. The separation of the proteids of the serum into several glob- 
ulins and albumin by means of fractional precipitation with ammo- 
nium sulphate is unsatisfactory, inasmuch as the products isolated do 
not show uniform properties. Evidence is given that after a proteid 
has been salted out by ammonium sulphate its properties are changed 
in the direction of a greater susceptibility to precipitation by dialysis 
or heating. The reactions of the proteids, particularly the heat coag- 
ulation, must be considered with reference to the kind as well as the 
amount of salts present in the solution. 
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6. It is suggested that the term serum globulin be reserved for the 
proteid precipitated from normal serum or plasma by complete dialy- 
sis. This proteid shows a uniform and precise temperature of heat 
coagulation in solutions containing sodium chloride. The portion of 
the serum proteid not precipitated by dialysis shows the essential 
properties of an albumin modified by combination with lecithin or a 
lecithin-containing complex. 
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A MOLECULAR THEORY OF THE ELECTRIC 
PROPERTIES OF NERVE. 

Bv WILLIAM SUTHERLAND. 

IN " The Nature of the Propagation of Nerve Impulse,"' the theory 
was proposed that the nerve impulse is propagated by a shear 
along nerves, and at the same time it was pointed out that, the elastic 
properties of matter being of electric origin, the electric properties of 
nerve were implicitly involved in the theory. In the present paper it 
is proposed to show the connection between the elastic and the elec- 
tric properties of nerve explicitly by means of our knowledge of the 
proteid molecule and a theory ot the structure of colloidal solids. The 
matter will be taken in the following order: — 

1. The elastic properties of jellies and their structural cause. 

2. The electric origin of rigidity in a jelly. 

3. Calculation of the charge of electricity required to stimulate a 
given nerve. 

4. Various quantitative electric properties of nerve. 

I. The Elastic Properties of Jellies and their 
Structural Cause. 

In jellies and the soft tissues like nerve the proteid material forms 
a network whose meshes are fine enough to retain the molecules of 
water in batches. The rigidity of a soft tissue or jelly belongs to its 
proteid framework. No doubt there are cases in which the proteid 
molecules attach molecules of water to themselves in a loose chemical 
combination, and thus associate water in the production of rigidity. 
On the other hand, water in sufficiency dissolves certain proteids, so 
destroying their rigidity altogether. The typical general case is that 
of a framework of proteid supporting an aqueous solution of proteid. 
1 Sutherland: This journal, 1905. xiv, p. ita. 
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To form a conception of rigidity in a jelly of such a type the simplest 
way is to study jellies containing various amounts of dry gelatine per 
unit volume and exhibiting every stage of stiffness from the minimum 
up to that of dry gelatine. For concentrations below that giving 
minimum measurable rigidity we get colloidal solutions of the gela- 
tine in which the framework of protetd is no longer continuous, but 
broken up into the particles of the suspension. At lower concentra- 
tions still the suspension may disappear with merging of the colloidal 
type of solution into the ordinary. Apart from detailed theoretical 
considerations we should expect that the rigidity of a jelly is propor- 
tional to the amount of gelatine available for formation of framework, 
that is, to the excess of the total amount of gelatine above that which 
gives minimum rigidity. This proportionality will not hold up to the 
maximum of pure gelatine, because when the amount of water is 
greatly reduced the structure of the proteid in the jelly resembles 
that of an ordinary continuous solid rather than an open framework. 
If a jelly then contains iu„ gm. of gelatine in a cm.^, when its rigidity 
is just measurable, the rigidity » of a jelly containing w gm. of gela- 
tine will be given by the formula 

n=c{w-w:), ' (0 

in which c is a constant so long as w has not a value near that for 
solid gelatine. This proposed relation can be tested by means of 
published experimental work. The measurements of A. Leick in 
"Kunstlich Doppelbrechung und Elastizitat von Gelatineplatten"' are 
suitable. In his experiments he determined Young's modulus q in 
grams weight per cm.* for various jellies, for which by the theory of 
elasticity ? = 3 n nearly. For a jelly of i part gelatine to 5 parts water 
Maurer* found q in dynes per cm.* to be 41 7,000 and « to be 124,000, 
in approximate agreement with the theoretical requirement ^ = 3 « 
nearly. Leick's first set of measurements on jellies made with hard 
gelatine I find can be represented by 

q = 7700 (w - 0.066), (2) 

as the following comparison shows for jellies in which 1000/ has the 
values given in the first row, with the experimental and calculated 
values of q in grams weight per cm.* in the second and third rows: 

' Leick: Annalen der Physik, 1904, xiv, p. 139. 

' Maurer : Wiedemann's Annalen der Phjsik, 1886, xxviii, p. 6a8. 
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1000/ 100 loi. 186 189 300 320 450 

^ experimenUl . . 242 2S6 978 977 154,5 2157 3944 
4? calculated ... 254 270 916 939 1795 1948 295° 

Here the differences between calculation and experiment lie in such a 
way as to show that experimental uncertainty is the cause. The 
variabilities of gelatine jelly are well known, being referable probably 
to the change of a gelatine into the & gelatine of M. Traube, which 
does not jell. Leick's results for jellies made of soft gelatine can be 
expressed by ^=4800 (w — 0.065) *'t'' ^^^ following comparison : 
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In this series of jellies except the strongest the agreement between 
calculation and experiment is as good as the experimental conditions 
allow. In both series of experiments at ordinary temperature the 
Young's modulus and the rigidity of solutions of gelatine containing 
less than 0.065 oi" 0.066 gm. per cm.' appear to be negligible, so that 
the jellies experimented upon may be considered to consist of a fluid 
solution containing about 0.065 g"*- of gelatine per cm,' supported by 
a framework of pure gelatine containing (w — 0.065) S""- P*'" *^™'' ^^ 
the jellies. The proposed linear relation between q and w applies 
equally well to the results of £. Fraas in "Elastizitat von Gelatine- 
losungen." ' 

Having thus found the rigidity of a jelly to be a matter of frame 
structure and proportional t^ the amount of frame structure present, 
we proceed to investigate the connection between the rigidity of a 
jelly and the elastic properties of the material forming the frame 
structure. The rigidity of a frame is due to the resistance of its ties 
and struts to extension and compression. Long struts unless later- 
ally supported offer little resistance to shortening. In a jelly we can 
suppose the contained fluid to give enough lateral support to those 
proteid threads of the mesh which receive thrust to enable them to 
act as struts. Thus the rigidity of a jelly depending entirely on the 
resistance of its ties to lengthening and of its struts to shortening de- 
pends directly on the Young's modulus of the proteid threads form- 
ing the framework or network. Let A B CD be a section of a unit 
cube of jelly which is supposed subjected to a shearing strain pro- 
' Fkaas: Wiedrmann's Annalen der Physik, 1894, liii, p 1074. 
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ducing displacement to A' B' CD. If A A' is small, A A' I AD measures 
the angle A DA', which is the amount of the shear. Now, according 
to the usual analysis of strains, this shear may be regarded as the 
elongation of DB to DB', accompanied with the shortening of CA 
to CA', lines in the unit cube perpendicular to the plane of the 
^ ^, w ' paper being unaltered. U DB','DB= i + e, 

— I it follows from the same analysis that 

CA'/CA = I -€, and the shear AA'/AD = 
2e = s, say, so that « = j/2. Now, in our unit 
cube the threads of proteid run at random in 
all directions, but for purposes of easy ap- 
proximate calculation we may suppose them 
equivalent to a dLitribution in which one- 
third of their number m run parallel to D B, 
one-third parallel to CA, and one-third perpendicular to the plane of 
the paper. Hence two-thirds of the proteid material is involved in 
elongation or contraction of amount s/2. But the stresses due to these 
elongations and contractions of the proteid ties and struts in the unit 
cube are found by multiplying the strain by ^„ which is Young's 
modulus for the proteid threads, and by the sectional area A of 
each and by their number 2 ™, namely, ?„(s) A(2^) = q,sAf. Now, 
3 ?o = «o- the rigidity of the proteid stuff" of the threads, so that the 
stresses are tt„s Am, Aad the rigidity of the jelly is n^ Am, And is directly 
proportional to the rigidity of the proteid mftterial of the threads and 
to their number per unit volume. This brings us back to the prin- 
ciple discussed above, that the Young's modulus and the rigidity of 
a jelly are proportional to the amount oi gelatine or proteid forming 
the continuous framework. 

We have now to form the simplest molecular conception of the 
structure of framework in a jelly. Towards that end I shall give a 
brief summary of a theory of the colloidal state which I have already 
communicated elsewhere. The salient properties of colloids may be 
traced to the one fact that their contiguous molecules combine 
chemically with one another by means of valencies which are often 
latent. For example, N in NHg is trivalent, though in NH^Cl it is 
pentavalent. In extension of the Helmholtz theory of valence I have 
proposed ^ to express the trivalence of N by associating with it 
three negative electrons each denoted by 2, and the pentavalence by 
adding a doublet consisting of one positive electron 9 and a negative 
' Sutherland: Philoiiophical magazine, 1902 [6], iii, p. 174. 
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tj. In NHj tKese two opposite electrons keep so close to one another 
as to neutralize almost completely one another's action, leaving N to 
act as trivaient. But in NH^Cl the U of H and the t of CI cause 
this latent doublet iJt of N to open out and become chemically effec- 
tive. In this way most of the important cases of dual valency in the 
elements can be interpreted. Now, in a frozen mass of NH|, if the 
doublet Ut of each N atom were to open out so that I; in one attracted 
jt in a neighbor on one side while JJ attracted b of a neighbor on 
the other, the molecules of NHg would become tlnited chemically 
with one another in chains. The ordinary chemical definition of a 
molecule would break down. Each of the tangled chains would be 
a molecule of a polymeric form of NHg, In an extreme case the 
whole lump of frozen NHg might be one endless chain, a single mole- 
cule. This imaginary case with NHg illustrates the proposed theory 
of the colloidal state, namely, that it is due to the chemical union of 
neighboring molecules through valencies which have ceased to be 
latent. In a colloid, then, the usual molecule ceases to be a separate 
entity ; it becomes a pattern which is repeated. Such a pattern I pro- 
pose to call a semplar. A colloid is an indefinite collection of sem- 
plars, A single file of semplars gives us the simplest form of the 
proteid thread forming the meshes of network or the ties and struts 
in the framework of a jelly. Each proteid semplar must have 
numerous electrons by which it can join to others, so that the single 
files can unite with one another chemically where they come in con- 
tact, this chemical combination corresponding to the knotting of 
threads in a net and to the junction of ties and struts in engineering 
frameworks by pins and rivets. When the water is all driven out of 
a jelly, the single files of semplars form cross connections at so many 
point^and so much latent valency is called into action, that the 
proteid becomes practically a different substance, having higher 
rigidity than that belonging to the semplars in single file. That is 
why our formulae ( i ) and {2) for jellies cannot be made to include the 
case of dry gelatine. I have found the rigidity of dried sciatic nerve 
of the sheep to be hundreds of times as large as that of the fresh 
nerve, and the experimental results with coagulated white of egg and 
with gelatine jellies are similar. Having arrived at a definite mechani- 
cal structure for jellies and tissue substance, we can now proceed to 
connect it with their electrical properties. 
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II. The Electric Origin ok Rigidity in a Jelly. 
In "The Electric Origin of Molecular Attraction" and "The 
Electric Origin of Rigidity and Consequences " ^ cohesion and rigidity 
are traced to electric doublets It i; in molecules and atoms. As regards 
rigidity the essential point in the theory is this: Consider a doublet 
8fe whose unstrained position of equilibrium is A B> 
fi.A. A while A' B is the position when A is sheared to A'. 

Work is done in moving from A to A' against the 
attraction of !2. This is the work of elastic distor- 
ts. B - tion. It is shown that at the absolute zero of tem- 
perature the rigidity of a metal is equal to the 
electrostatic energy of its molecular doublets in unit volume. Hence 
we must trace the rigidity of a nerve or a jelly to electric doublets in 
the proteid semplar. The simplest conception of this doublet, accord- 
ing to current electrical thought, is like the old one of a magnet, which 
was treated as two opposite poles of strength p at the ends of its 
length /and having a magnetic moment //. So the electric doublet 
in a molecule, atom, or semplar may be regarded as formed of two 
opposite electron charges of the amount e associated with ions. These 
' are at a distance s apart, which is of the order of magnitude of the 
diameter of the molecule or semplar. For the rigidity N oi a metal at 
absolute zero the formula established^ is 



N=~ 



^" (?)■ 



(3) 



in which A" is the dielectric capacity (specific inductive capacity) of 
the metal, m the mass of the molecule, and p the density of th4metal, 

so that — is the volume of a molecule. At higher temperatures a 

P 
rather important temperature factor comes in with metals, but in the 
case of substances like proteids it is probable that the ordinary tem- 
perature factor is of small importance, because the movement of the 
parts of a semplar can have little effect in changing the average effec- 
tive value of s, unless with the oncome of so profound a change as 
that of coagulation. Hence for the rigidity h^ of a thread of proteid 
in the framework of a jelly or nerve we write 

' Sutherland : Philosophical magazine, 1902 [6], iv, p. 625, 2nd 1904, vii, p. 417. 

» Loc. cit. 
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(4) 



(;)■ 



Treating s as equal to the diameter of a semplar assumed spherical 
and therefore having ~ = —zr- , this gives 

To find A* for proteids we may use Maxwell's relation that A'is equal 
to the square of the index of refraction. In its solutions gelatine has 
an index of refraction 1.53; so K=2.i- As regards the size of s, the 
diameter of a proteid semplar, we shall assume that it is of about the 
same order of magnitude as the diameter of the molecule of egg 
albumin when dissolved in water, which I have shown to be about 
15 times that of the hydrogen molecule.' The limiting volume of 
a gram molecule H, being 8.6, that of the albumin molecule is 
27,000. Now, the diameter of the hydrogen molecule is 2 x io~* 
cm., so we get j = 30 x lo"^ And e is known to be 3 X io~"* 
electrostatic units. Hence from (5) «o = 4 x 10" dynes per cm.*. But 
in formula (2) it appears that the proteid threads in a gelatine jelly 
have a Young's modulus ?o = 7700 gm. weight per cm.^, so that 
experimentally we get «„ = 2570 gm. weight per cm.'= 2570 x 981 
dynes per cm.* = 25 x to''. This is the ^ part of the value just 
calculated. If we take s for the proteid semplar in gelatine twice 
as large as the 30 x io~^ used above, we obtain a calculated value 
of ttg equal to ^ of that found above and identical with the experi- 
mental value. Thus we have arrived at the important result that the 
rigidity calculated for the proteid threads in jelly from molecular 
and electrical considerations is of the right order of magnitude. We 
can express the velocity of propagation of a shear through the 

framework or through the jelly, nimely, y — or \ -> "^'"g the 

appropriate p in each case, in terms of the electrical properties of the 
proteid semplar by means of our expressions for Ho and ». It is 
possible that in the propagation of nerve impulse the shear is confined 
to the proteid framework as suggested in my previous paper; it is 

' Sutherland: Philosophical magazine, 1905 [6], ix, p. 781. 
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also possible that the shear is such as involves movement of the fluid 
supported by the framework, in which case the framework would be 
loaded with the fluid and would propagate a shear more slowly than 
if it were unloaded. But as we have taken the work of the shear 
to be that of separating the electrons of the semplar doublets, we 
have given explicitly an electrical theory of the propagation of nerve 
impulse. Nerve impulse is propagated by electrical displacements 
of such a nature that they are accompanied with corresponding 
material displacements of the semplars, whence the slowness of the 
propagation of nerve impulse. 



III. Calculation of the Charge of Electricity required 

TO STIMULATE A GiVEN NERVE. 

A certain electrical polarity having been shown to account for the 
propagation of shear in a jelly or dead nerve and of nerve impulse 
in a living nerve, we must consider more closely the difference 
between dead and living nerve. I take it that the chief difference 
is this: in dead nerve and jelly the polarities of the proteid sem- 
plars are distributed in random directions; in living nerve they are 
not, but have a preponderating direction which they can maintain 
or restore while life lasts. The clearest proof of this directed 
polarity in living nerve is the distribution of potential in an excised 
length of fresh nerve giving electromotive force between the bound- 
ing cylindrical surface and the cut sections at each end. On the 
average this E. M, F, is about 0.03 volt. Now, if we regard the 
state of the electrically neutral dead nerve as an arbitrary standard 
of zero strain, then the E. M. F. can be attributed to a state of strain 
maintained in the living nerve by a similar process to that by which 
E, M. F. is caused by strain in a piezoelectric crystal. In the 
insulating crystal the act of straining produces a definite separation 
of the two sorts of electricity. If these were allowed to flow as 
current, the E. M. F. would die away and would be renewed only by 
further strain. In the excised fiortion of living nerve there is some 
provision of energy for keeping up the E. M. F, as long as life lasts. 
Possibly the action in living nerve is intermittent, the semplars being 
strained one way while manifesting external E. M. F. and sending 
current externally, then relaxing and producing the opposite E. M. F. 
whose current is short circuited internally. Each semplar is thus 
a source of alternating current, the positive phases of which are 
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summed externally and the negative internally. This is matter for 
further investigation, but I propose for the present to associate the 
E. M, F. of living nerve with the existence .of a certain strain in 
the nerve, that strain consisting of a directed polarity of the doublets 
in the semplars. This view is considered again in more detail in 
section 4. Experimentally we know that the strain produces a 
distribution of negative electricity over the cut ends of the piece of 
excised nerve and of positive electricity over its bounding cylindrical 
surface. Now, if a charge of negative electricity is given to the cut 
end of a nerve, it may be considered to neutralize some of the 
positive electrons of the terminal semplars, thus destroying part 
of their polarity. Indeed the whole polarity of the terminal 
semplars in the cut end of the nerve may be abolished by a 
large enough negative charge, and the equilibrium of all the chains 
of semplars in the nerve will be upset. This electric disturb- 
ance of the semplar constitutes the central fact of nerve exci- 
tation. But we have to distinguish between a disturbance which 
stimulates and one which depresses. Now, we have seen that 
the strain in living nerve must be such as liberates negative elec- 
tricity at the cut ends of excised nerve. Hence negative electricity 
imparted to the cut end must intensify the strain which is character- 
istic of the living state. Positive electricity must lower the strain 
characteristic of the living state. Thus we are led to identify stimu- 
lation of a nerve wi(h increase of the strain of vitality, and depression 
with decrease. As to mechanical stimulation of nerve, we need only 
remark that mechanical stimulus always consists in straining the 
nerve substance in some way. When the strain increases the strain 
characteristic of vitality, it stimulates. If we choose, we can inter- 
pret mechanical stimulus as electrical by supposing the strain to 
produce E. M. F. in the same way as in a piezoelectric crystal. 
Stimulation of nerve by electrolytic solutions has been shown by 
Mathews to be electrical in a way for which I have tried to provide 
a simple theory in a previous paper in this journal. As regards 
stimulation of nerve by non-electrolytic solutions, Mathews traces 
it to osmotic pressure, so it becomes virtually a branch of mechanicaJ 
stimulation. In this way we bring all the types of nerve stimulation 
under the one heading of a strain consisting of an electrical 
displacement with an associated material displacement. 

To calculate the minimum amount of electricity (negative) for 
stimulating a nerve we can proceed in the following way. Let us 



,v Google 



3o6 William Sutherland. 

assume that a single negative electron given to each semplar in the 
cut end of a nerve constitutes the minimum. Of a vertebrate nerve 
about one-third is solid matter, of which about one-fourth is proteid, 
so one-tweUth of a nerve is proteid. Concerning the number and 
size of the axis cylinders in nerve, I made some observations on sec- 
tions of the external popliteal of the dog kindly given me by Dr. B. 
Kilvington from material gathered in his work on nerve regeneration. 
The mean radius of the axis cylinder is 0.0004 c")., and the mean area 
of its section is 0.0000005 cm.". In the nerve there were 4200 axis 
cylinders, so that the sum of their sectional areas was 0.0021 cm.'. 
In sections of the sciatic nerve of the frog kindly prepared for me by 
my brother Mr. James Sutherland I found the mean radius of the 
axis cylinders to be 0.00036 cm. and the sum of all their sectional 
areas to be 0.0021 cm.'. This is for a medium-sized frog on which 
most of the experiments on nerve stimulation have been made. 
We have now all the data requisite for calculating the amount of 
electricity necessary to give each semplar in the end of a frog's 
sciatic a single negative electron. With the formula found for egg 
albumin,' namely, CifggHjgg^N^jgOfggSig its molecular mass is 32,814 
times that of the hydrogen atom, which is 2 X lo""* gm. So the 
mass of the albumin molecule is 66 x io~" gm. In a cm.' of nerve 

there is -X gm. proteid, and therefore -rz semplars assumed to 

^ *^ 66 X iz *^ 

have the mass of egg albumin molecules, say, .10''. Hence on a 
cm.' of section of a nerve there are 10" semplars. Each of these 
receiving the electron charge 3 X lO"'" electrostatic units, the 
charge per cm.' is 300 units. Hence for a nerve in which the 
sum of the areas of the axis cylinders is 0.0021 cm,' the charge will 
be 0.63 units. Now G. Weiss' has found the minimum charge for 
stimulating frog's sciatic to be of the order lo"" coulomb = 3 elec- 
trostatic units. The value just calculated, namely, 0.63, is of the 
same order of magnitude as the experimental 3. Hence the electri- 
cal stimulation of nerve is explicable on the same principles as have 
been used to account for the propagation of nerve impulse with 
the same order of velocity as shears through jellies. It has been 
shown in a previous paper that Mathews' cxperimcnls on chemical 
stimulation lead to about the same measure of the amount of 
electricity required to stimulate a nerve as the direct determinations 
of Weiss. 

> Lee. cil. * Weiss: Comptes rendus, 1901, cxxxii, p. to6S. 
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IV. Various Quantitative Electric Properties of Nerve, 

In this section it is proposed to apply the preceding principles to 
account for certain specific properties of nerve. The most important 
of these is the discovery of Weiss already considered, namely, that 
stimulation depends upon quantity of electricity rather than upon 
quantity of electrical energy. This simple outcome of the classical 
work on elect ropbysiology and the more recent researches of Hoorweg, 
Hermann, Dubois, Waller, and others forcibly recalls Faraday's funda- 
mental law of electrolysis, namely, that the amount of substance elec- 
trolyzed is proportional to the quantity of electricity used and not to 
the electric energy consumed. Weiss finds further' that if the 
quantity of electricity q required just to produce minimal effective 
stimulation is communicated to the cut end of a nerve in time /, 

? = « + */, (6) 

where a and b are constants for a given nerve preparation. This im- 
portant formula has been extended in an interesting way by M. and 
Mme. Lapicque,^ who found that in invertebrates, if v is the voltage 
applied to a nerve muscle preparation for time /, then taking vt z& 
proportional to the q of Weiss, since the resistance of the preparation 
is constant, 

q = a^bt-cv, (7) 

where a, b, and c are constants for a given preparation, but vary from 
one preparation to another. The interpretation of Weiss's formula is 
this. The quantity a of electricity is that which gives one negative 
electron to each semplar in the cut end of the nerve and accentuates 
the strain in the nerve just enough to give minimal response in the 
attached muscle. If the electricity a is not given instantaneously, but 
in time t, there is loss by conduction at rate b, and more than the 
minimum a has to be given to make good the loss and bring the 
amount of electricity on the nerve end at the time t just up to a. 
Hence q = a-{-bt. Now, for frog's sciatic in Weiss's experiment iiisof 
the order io~* coulomb. The voltages used in such experiments aver- 
age about I volt per cm. of the preparation, and the resistance of 
frog's sciatic nerve is about lo' ohms per cm., so the quantity of elec- 

1 Weiss: L/bc. u'l. 

* Lapicque: Comptes rendus, 1903, cxxxvi, pp. 1147 and 1477. 
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tricity flowing through is about lo"" coulombs per second, and hence 
the necessiiry io~* coulombs would escape in to"/ second. There- 



cording to the Lapicques,^ for a preparation with the gastrocnemius of 

a frog (Rana esculenta) - = 3 x lo*, and for Rana temporaria 14 X 10^, 

for the gastrocnemius of the toad (Bufo vulgaris) 8 X 10*, while Cluzet 

with sciatic preparations of the frog ^ finds - = 15 x lo*. These are 

not far In order of magnitude from the estimated value lo*. In nerve 
and muscle of the forceps of a crab (Carcinus maenas) the Lapicques 

find =30, and for the mantle of Aplysia punctata 10. As to the 

origin of the term— c v introduced by the Lapicques into the formula 
of Weiss, I take it to be the following. A nerve can be stimulated 
electrically either by receiving a direct charge or by being subjected 
to electric force without communication of a charge. In applying 
voltage to a nerve muscle preparation there is stimulation both by 
charge and by electric force, a certain intensity of electrical force 
being equivalent to the minimum stimulating charge a. Suppose a 
voltage V applied to the preparation by electrodes at distance d apart, 



to a charge —5- , where ^ is a constant for the preparation. Hence, 
if ^ is the amount of electricity given to the nerve end, we must add 
to it —r to express the total electric cause as a quantity ; then, as 
above, we have to provide a term bt for loss during time /and thus 



picqucs, if the c of their formula varies inversely as d, a point deserv- 
ing experimental investigation. Evidently much may be expected 
from a full investigation of all the terms of (7) for a great variety 
of typical preparations. 

In further illustration of the utility of a physical theory of nerve 
action we shall estimate the order of magnitude of the stress in nerve 

' Lapicque: Coniptes rendus, 1905, cxI, p. 537. 

1 Cluzet ; Ibid., 1903, cixxvii, p. 670, and 1905, cxI, p. 1 1 16. 
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which could produce, or be produced by, the average E. M. F. of 0.03 
volt between cross section and surface. In the absence of data con- 
cerning the piezoelectric properties of nerve, and remembering that 
nerve can maintain a current, whereas piezoelectric crystals do not 
do so, we shall nevertheless calculate the stress required to give an 
E. M. F. of 0.03 volt between two faces of a quartz thread of square 
cross section suitably cut from a quartz crystal. Suppose the side of 
the square to be 0.1 cm. and the length of the thread to be i.ocm. 
Such a thread of quartz in spite of its simplified square section is a 
fairly good life-size model of a piece of nerve usually studied. It is a 
small form of the Quartz Pi^zo^lectrique, the standard instrument 
designed by J. and P. Curie for illustrating the laws of piezoelectricity 
discovered by them. The thread is supposed cut from a hexagonal 
prism of quartz so that its length is perpendicular to any one face of 
the prism, and its breadth parallel to the axis of the prism. A weight 
of I kilogram hung on the lower end of this thread placed vertically 
causes a negative charge of electricity to appear on one of the two 
faces of the thread which are separated by the thickness, and an equal 
positive charge on the opposite face, the amount of each being 

0.063 - electrostatic units, where / is the length of the thread and e 
its thickness. For our special thread - = 10, and the charges pro- 
duced by the weight of a kilogram are 0.63. But if & is the breadth 
of the thread, the difference of potential between the two charged 

faces is ~^ times the charge. For our special thread -z-i= i, and 

the difference of potential becomes 4ir x 0.63 electrostatic units = 
2400 volts. Hence, to produce a difference of potential 0.03 volts 
between the two faces, there would be needed a weight of only 
0.03/2400 kilogram at its lower end, say, 0.0: gm. With this small 
stress we can obtain in our quartz thread the same difference of 
potential between opposite faces as appears between the cut end and 
the cylindrical bounding surface in excised nerve. If nerve were an 
insulator, we should have a fair amount of prima facie evidence for 
believing that the observed potential difference in it is of piezoelectric 
origin and associated with a suitable type of strain. But as nerve is a 
conductor, though of high resistance, we have to find in it some 
source of energy capable of maintaining the E. M. F. and its asso- 
ciated current. The expenditure of energy involved is very small ; 
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for I cm. of nerve it is of the order of that given by 0.03 volt through 
10* ohms, or nearly ^* erg per second. This represents a very 
minute drain on the total amount of chemical energy latent in a cm. 
of ordinary nerve. The prime distinction between a piezoelectric 
crystal and nerve is that the crystal cannot supply for itself energy 
even at this small rate; if it ceases to insulate, it loses the E. M. F. 
due to strain; whereas nerve in spite of its electrical conductivity 
maintains its E. M. F. for hours. Nerve showing this similarity to a 
battery, it might be urged that the origin of nerve E. M. F. should be 
sought in voltaic rather than in piezoelectric analogies. It seems to 
me that in nerve we have to do with a novel sort of molecular battery 
worked on piezoelectric principles. For in the semplars of living 
nerve we may have motion which is directed because of the semplars 
being similarly attached to one another. In a single file of semplars 
we might expect rotation round the direction of the single file to pre- 
dominate. This would give polarity to the single iile, and could pro- 
duce a separation of the two sorts of electricity just as the impressed 
polarity of stress in a quartz crystal does. But the energy required 
to produce this separation of the electricities is derived from the store 
of rotational energy of the semplars, and not from an external source. 
If the separated electricities run together as current, the rotating 
semplars will separate more. In this way they produce current and 
permanent E. M. F. by drawing upon their stock of rotational 
energy. In this idea of the existence of directed motion within the 
semplars we come back to the principle of the gyrostat, which Kelvin 
in his Baltimore lectures showed to be of such fundamental import- 
ance in molecular physics. At any rate, there is an excellent experi- 
mental field of inquiry open in the piezoelectric properties of nerve 
and muscle. The dtlHculties of the work are increased by the con- 
ductivity of these tissues, but sooner or later electrophysiologists will 
need to attack the inquiry by appropriate methods. Every physical 
method of investigating polarity in nerve and muscle will have to be 
brought into operation. For instance, the electric organ of Malapte- 
rurus shows electrical resistance four times as great longitudinally as 
transversely.. This is but one type of method for measuring directed 
properties in tissues. The foregoing is an attempt to formulate a 
theory of the physics of molecular polarity bearing upon the problems 
of physiology. It will be noticed that the cell, the physiological unit 
of structure, docs not appear in the present theory, which goes back 
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to the chemical unit, th« molecule or scmplar. Justification for going 
behind the cell is to be found in the existence of primitive nerve 
properties in unicellular organisms. The present theory is not limited 
to nerve, but applies to any action similar to nervous which goes on 
in living matter. 

Melbourne. Australia. 
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PHYSIOLOGICAL AND PHARMACOLOGICAL STUDIKS 
OF MAGNESIUM SALTS. — IV. THE RELATIONS OF 
THE SALTS TO THE PERISTALSIS OF THE GASTRO- 
INTESTINAL CANAL. 

Bv S. J. MELTZER and JOHN AUER. 
[Frem tlii Rocki/tlUr InstiluU far Medital Rtseareh^ 

THE noa-*timnlatliig affect ot magneslnm aalta. — In our first paper 
on the physiological and pharmacological eflects of magnesium 
salts ' we stated that the basis for our studies was the hypothesis 
that magnesium favors essentially or exclusively inhibitory processes 
in the animal body. The facts brought out so far by our experiments 
are all in harmony with this hypothesis. There is, however, one 
familiar action of magnesium salts which is interpreted by many 
writers as due to a stimulating effect of the salts, we mean the ca- 
thartic action of sulphate of magnesium. As is well known, many 
older writers have assumed that the purgative effects of certain salts 
are due partly or exclusively to an increase of the intestinal peri- 
stalsis (Buchhcim, Aubert, Thiery, Radziejewsky, and many olhers). 
Recently J. Loeb' stated that all the salts which give rise to hyper- 
sensitiveness of nerve and muscle act as cathartics when introduced 
into the intestine, and suggested that the saline purgatives facilitate 
the production of peristalsis by increasing the irritability of the nerves 
and muscles of the intestine. On the basis of this hypothesis J. B. 
MacCalhim* carried out a series of experiments in which certain 
saline purgatives were injected subcutaneously and intravenously. 
His results were that " all those salts which act as purgatives when 
introduced into the stomach or intestine, have the same action when 
injected subcutaneously or intravenously." He stated explicitly that 
" magnesium sulphate, when given subcutaneously, is no less active 

' Meltzer and Auer: This journal, 1905, xiv, p. 366. 

* LoBB, ]. : Studies in general physiology, 1905, Part I \, p. 759. 

' MacCallum, J- B. : This journal, 1903, x, p. 101. 
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than sodium sulphate." MacCallum arrived at the conclusion that 
" the essential feature in the action of saline purgatives is not their 
presence in the lumen of the intestine, but their absorption into the 
blood, and the production by them of a condition of hypersensitive- 
ness of the nervous system controlling the intestine." Here we have 
then a pronounced theory supported by experiments that purgatives, 
magnesium sulphate included, produce peristalsis by increasing the 
sensitiveness of nerve and muscle of intestines; in other words, here 
we seem to have an instance in which magnesium salts do not 
inhibit but stimulate activity. 

In taking up the discussion of this question we must state at the 
outset that we cannot support the statement of MacCallum concern- 
ing the purgative effect of magnesium sulphate when given subcuta- 
neously. MacCallum quotes Claude Bernard as holding a similar 
opinion. Hay,* however, has shown that Bernard's opinion was 
not based upon any experiments which he made himself. On the 
other hand, Buchhetm, Donders, Rabuteau, and many other writers 
who have experimented with subcutaneous and intravenous injections 
of magnesium sulphate positively deny the purgative effect of mag- 
nesium salts by this method of administration. In the numerous 
experiments which we made with subcutaneous injections of mag- 
nesium salts in dogs, cats, rabbits, etc., we did not meet with a single 
case in which the subcutaneous injection led to an immediate or late 
appearance of purgation or even simply to more frequent stools.' 
We may state here, further, that also in the second series of experi- 
ments,^ in which magnesium salts were repeatedly given intrave- 
nously and the animal observed for many hours, no purgation took 
place. We may therefore consider tt as an established fact that sub- 
cutaneous and intravenous injections of magnesium salts do not 
produce purgation. 

We have, however, to distinguish between the causation of purga- 
tion and the production of peristalsis. In the experiments carried 
out by one of us (A.),* with sodium sulphate, sodium citrate, and so- 
dium phosphate, it was found that while subcutaneous and intravenous 
injections of these salts produced no purgation, they often caused a 
moderate but definite increase of the peristalsis of some parts of the 

' Hav : Journal of anatomy and physiology, 1882, xvi, p. 345. 

* Meltzer and Auer: This journal, 1905, xiv, p. 386. 

• Meltzer and Auer : Ibid., 1905-1906, xv, p. 387. 
' Auer : This journal, 1906, xvii, p. 15. 
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intestine. It was therefore necessary for us to establish by direct ex- 
periments, in the first place, whether intravenous injections of mag- 
nesium salts are capable of starting or increasing intestinal peristalsis, 
that is, whether magnesium salts are capable of producing some 
stimulating effect upon the intestines. 

We have made a large number of such experiments and we can 
state our results in a few words; not in one single experiment did 
the intravenous injection of magnesium salts produce peristalsis in a 
quiet part or increase it in an already moving part of the gut. 

Magnesium salts apparently do not increase the sensitiveness of 
nerves and muscles of the intestine. Whatever the cause of the 
purgative action of magnesium salts may be, it is safe to say that the 
action is not an instance of the stimulating properties of magnesium 
salts. 

Tba Inblbltor; efl«ot upon tba parlctalcia. — Knowing now that sub- 
cutaneous and intravenous injections of magnesium salts do not bring 
on intestinal peristalsis, the question arose whether our hypothesis 
could not be tested just by this phenomenon, that is, whether existing 
peristalsis could not be inhibited by these salts. In studying this 
aspect of our question, we were however confronted with the obstacle 
that spontaneous intestinal peristalsis is an unreliable phenomenon. 
There would be, in the first place, no peristalsis when we were 
ready to inhibit it. Furthermore, the cessation of a peristaltic move- 
ment after an injection of magnesium salts could not be considered as 
a safe proof of the inhibitory effect of the salts, since such a cessation 
frequently enough occurs also spontaneously. To study this side 
of the question satisfactorily, we had therefore recourse to the pre- 
vious employment of such means as bring out more or less reliably 
peristaltic movements or other contractions of the intestinal canal. 

The methods of observation of the abdominal viscera employed in 
this series of experiments were the same which we have used in our 
studies of the action of ergot upon the gastro-intestina] canal, and 
we refer to the detailed description given in that article.' In the 
present study, however, the experiments were confined to rabbits. 
For anaesthesia morphin or ether or both were used. 

The following is a brief account of our results : 

The Inhibition of tha pariatalaU broaght on by BallDB pnrBattves. — 
In a previous article by one of us" the results of experiments were 

> Meltzer and Auer ; This journal, 1906, xvii, p. 142. 
' Auer : This journal, loc. cit. 
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recorded in which sodium sulphate, sodium phosphate, or sodium 
citrate were administered by subcutaneous or intravenous injections. 
It was found that these injections brought on moderate peristaltic 
movements of some parts of the gut, or caused a moderate but defi- 
nite increase of previously existing peristalsis. Many of these ex- 
periments were utilized by us for a study of the inhibitory effect of 
magnesium upon the peristalsis produced by these salts. The fol- 
lowing brief extract from the proctocols will illustrate the results. 

Experiment 1. — Rabbil, morphin. . . . 4.2+ p.m., injeclcd subcutaneous! y 
15 c.c. sodium citrate ^. 4.55 . . . entire small gut shows peristalsis. . . . 
5.01, injected slowly i c.c. 25 per cent AfgSO, into right ear vein . . . 
peristalsis of gut disappeared almost entirely immediately after infection. 

Experiment S. — Rabbit, morphin. . , . 4.07, 15 c.c. sodium citrate ^ given 
subcutaneously. . . . 5.10, injected subcutaneously 15 c.c. sodium sul- 
pliate ". 5.55T peristalsis fair in upper gut, slight in lower gitt. In- 
jected 1 c.c. magnesium sulphate 2^ per cent into left ear vein. Peristalsis 
slopped almost entirely shortly after infection. . . . 

Experiment S. — Rabbit, morphin. . . . 1.20 p.m., injected subcutaneously 
IS c.c. sodium phosphate (Na,HPOJ 'g. . . . 3.3s, entire small gut 
moves well, ascending colon active, transverse colon and cascum quiet. 
3.42, infected sloni/y into left ear vein i c.c. 25 per cent MgSO,. 3.45. 
small gut shows only slight swaying, definitely diminished, descending colon 
is perfectly quiet. 3.47, slight movements begin in descending colon and 
smalt gut. . . . 3-57, 2 c.c. sodium phosphate ^ injected into left ear 
vein. . . , 4.05, small gut sliows fair pendular movement, descending 
colon shows good constrictions. 4-07, infected i c.c. MgSO, 2^ per cent 
into ear vein. At end of infection small gut practically quiet, descending 
colon siill shows good travelling contractions. 4.08, descending colon 
quiet, distended by gas. 

In these and other similar experiments with saline purgatives the 
intravenous injection of a small dose of magnesium sulphate (or mag- 
nesium chloride) abolished or at least considerably diminished any 
peristalsis present. As a rule the peristalsis gradually returned after 
an interval of rest lasting between six and fifteen minutes. The peri- 
staltic movements after the injection of the saline purgatives was 
rarely very active, and their inhibition, although very definite, was 
not a very striking phenomenon. 

We have tried to obtain the paradoxical result of inhibiting a peri- 
stalsis brought on by a per os administration of magnesium sulphate. 
We failed, however, to see any peristalsis after administi^tton of even 
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large doses of these salts. Van Braam Houckgeest ^ and other writers 
met with similar experience. However, we made only few experiments 
of this kind, and we shall not dwell on this subject for the present. 

InUbltion of pailBtalsU prodno«d by ergot. — In the following we 
give short abstracts of protocols from experiments made with ergot: 

Experiment 4- — Rabbit, ether (cord destroyed below fourth dorsal vertebra ; 
ergot intravenously i c.c. twice ; viscera observed through abdominal 
muscles, etc.). 2 p. m., abdomen opened under saline. 2.05, small gut 
distended and shows good pendular movements, descending colon shows 
good peristalsis, colon shows only slight movements. 3.1 1, injecled 
through jugular vein i c.c. MgSOt 25 Per cent. 2.12, small intestines 
anil colon stopped moving entirely, descending colon still moves well (very 
distended with gas). 2.25, lower small gut begins to move. 2.28, colon 
shows slight contractions. 

Hxperiment 6. — Rabbit. 2 p. m., received 50 c.c. magnesium sulphate per 
stomach tube. Ether. Skin removed and viscera observed through 
muscles. . . . 4.06, abdomen opened under saline. Observed until 4.24, 
no motion anywhere. 4.27 and 4.33, i c.c. of ergot in left ear vein 
4.35 small gut shows good circular contractions and pendular movements, 
colon shows travelling peristalsis. 4.39, very strong travelling peristalsis 
in lower small gut, colon very active. 440, i e.e. AfgSO, as per cent in 
right ear vein. After injection small gut and colon perfectly quiet, no 
sign of motion. 4.45, small gut perfectly relaxed, filled partly with yel- 
lowish fluid ; colon quiet. Respiration good. 4.53, slight movements 
begin now in small gut ; colon quiet. 

In- the experiments with ergot, in which the intestinal peristalsis 
was often very active, the inhibitory eifect of magnesium was very 
striking and lasted often from ten to fifteen minutes and even 
longer. 

InhlbitlOD of periatalat* produced by ••erin. — 

Experiment 6. — Rabbit, ether, ir.30, abdomen opened in saline bath. 
11.37, no movement of gut seen so far. 11-39, °-^ ^■^- of eserin sulphate 
(0.5 percent) injected through jugular vein. 11.44, active movements 
of small gut, colon, stomach, cxcuni. 11.47, °-' '^-^- eserin injected. 
Powerful contraction of small intestines, colon, and stomach followed the 
injection. Some convulsions set in ; relieved by artificial respiration. 
1 1.49, 1 C.C. of MgSOt 25 per cent injected into tlie jugular vein. 11.50, 
entire gut relaxed, quiet, no motion. Artificial respiration stopped, animal 

I Van Bkaam Hoockggest : Archiv fur die gesammte Physiologic, 1872, vl, 
p. 266 
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breathes spontaRcously. Stomach still shows deep contractions. ii>S4. 
some pendular motion in upper part of small gut. 13.07, low^'* small 
gut, ascending colon and cscum quiet, transverse colon shows fair 
travelling peristalsis. Injected 0.2 c.c. eserin. &me effect as before. 
Injection of i t.c. MgSO^ 25 per tent quieted IA4 animal and relaxed the 
gut whieh became perfectly motionless. 
Experiment 7. — Rabbit (has diarrhoea), ether. Abdomen opened under 
saline. Entire intestine shows fair travelling peristalsis. 3.07, injected 
into jugular o.a c.c. eserin (0.5 per cent). Contractions of small gnt 
increased in vigor. . . . i>30, injected o. i c.c. eserin. Tetanic local 
contractions of gut Marked tremor of animal. Injected 0.9 c.c. MgSOt 
35 per cent. Some diminution of tremor and some relajiation of small 
gut set in, but still some contractions persisted. Injected a few minutes 
later again 0.9 c.c MgSOf The relaxation was now marked and the 
tremor disappeared. 

In these and other experiments the inhibitory effect upon violent 
peristaltic or tetanic contractions was beyond doubt. 

In these experiments the interesting fact was observed that tnag- 
nesitim sulphate completely inhibited the general muscular tremor caused 
by eserin. 

Intalblttoa of parlctalsla prodnoed by batlnm ohloTlda. — 
Experiment 8. — Rabbit, morphin. Abdomen opened under saline. No move- 
ments anywhere. 11. 11, injected into jugular vein 0.5 c.c. ^ barium 
cbloride, followed by injection of 1 c.c. saline, to wash down contents of 
cannula. 11.13, Powerful travelling constrictions of small gut which 
repeatedly drove down fluid into caecum. 11.34, powerful travelling 
constrictions of cascum, peristaltic and antiperistaltic waves. Strong 
waves also in stomach and on part of colon. 11.37, same as before 
except that small gut shows now only some pendular movements. 1 1.43, 
injected 0-5 c.c. BaCIj J not followed by saline. At once powerful con- 
strictions swept down the small intestine ; colon and siiial! gut blanched, 
respiration became rapid, and animal sliaken by convulsive movements. 
Artificial respiration given for a few minutes, convulsions disappeared. 
11.48, small intestines show good constricting and pendular movements, 
caecum and colon show strong peristalsis. 11.53, injected i c.c. mag- 
nesium chloride {approximately molecular solution) into jugular vein, not 
followed by saline. Shortly after movements of entire gut stopped, only 
very slight swaying of some coil of lower small gut persisted for a while. 
11.54, t c.c. of saline injected into cannula of jugular vein to wash down 
the remaining MgClj. 11-56, no motion anywhere. Respiration became 
very shallow and artificial respiration given. At 12.30, 0.3 c.c. BaClf 
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was injected again and followed by saline. This brought on powerful 
contractions of the intestines which was completely stopped by injeetwns of 
magnesium chloride. 
Experiment 9. — Rabbit, tnorphin, abdomen opened under saline. No sign 
of motion anywhere. 1.33, injected 0.3 c.c. ^ BaCli into jugular, no 
saline. Powerful contractions in all parts of the abdominal viscera. 
About 3o minutes later the vigor oi the contractions diminished and the 
movements were interrupted by periods of rest. 3.56, injected again 
0.3 c,c 5? Bad,, followed by 1 c.c. of saline. Same powerful effect as 
before, ascending colon showing much more frequent contractions, caecum 
shows powerful travelling constrictions. Small intestines and colon show 
Still good powerful travelling constrictions. 3.24. injected slowly 1 c-c. 
MgSOt 25 per cent into jugular vein, not followed by saline. Respiration 
slowed, but artificial respiration not necessary. Movements all over the 
intestines stopped, small gut relaxed. 3.27, as before except that ascend- 
ing colon shows slight travelling ripples. Injected i c.c of saline to 
wctsh dffwn rest of MgSO, into circulation. Motion stopped. 

The injection of nnagnesium sulphate overcame the powerful effects 
of BaCI], and the inhibition of the intestinal movements took place 
even when the injection of the magnesium salts was insufficient to 
embarrass the respiration to any serious degree. 

After the above records of the inhibition of such powerful peristaltic 
movements it is hardly necessary to mention that the intravenous in- 
jection of magnesium salts inhibits the normal intestinal movements 
occurring occasionally spontaneously in the saline bath; or those 
appearing after the destruction of the cord below the fourth dorsal 
vertebra. It is perhaps not superfluous to state expressly that the 
intravenous injection of the magnesium salts inhibits the peristalsis 
brought on by exposing the coils to the air, since the peristaltic move- 
ments here are caused apparently by external, local stimuli of change 
of temperature, and drying. As to the peristalsis caused by other 
powerful local stimulation, we cannot make any definite statement as 
to the effect of an intravenous injection of magnesium salts upon 
them, since we made no systematic studies on that point. In the few 
instances in which BaCl, or KCI were applied locally to the gut, the 
intravenous injection of magnesium salts did not abolish the local ^ 
constrictions. However, it might be only a question of differences 
in concentrations: the locally applied salts were in molecular solu- 
tions, while the magnesium salts reaching the local constrictions by 
the circulation are obviously greatly diluted by the blood. 
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We can also report that the post-mortem intestinal peristalsis in 
animals which received (ante-mortem) intravenously magnesium salts 
is considerably less in evidence than in normal animals. We have 
observed it incidentally in studying the effects of intravenous injec- 
tions of these salts on vital processes, and we have seen it also in a 
special study in which the post-mortem peristalsis of animals killed 
by magnesium salts was compared with that of animals killed by 
calcium salts. The laller subject will be dealt with later in conjunc- 
tion with other problems in another paper. 

Finally, we should mention especially that the intravenous injec- 
tions of magnesium salts inhibit not only the peristaltic movements of 
the small intestines, but also the movements of the other parts of the 
gastro-intestinal canal, when present, namely, the movements of the 
stomach, the ciccum, and (he entire colon- On account of the occa- 
sional great distension by gas, the movements of the descending colon 
are frequently difficult to subdue. 

Summary. 

Subcutaneous and intravenous injections of magnesium salts pro- 
duce neither purgation nor intestinal peristalsis. The purgative 
action of these salts is therefore no evidence for their stimulating 
effect. 

The moderate peristalsis produced by exposing the intestines to 
air, by destroying the dorsal cord or by intravenous or subcutaneous 
injections of certain saline purgatives, and the powerful peristaltic 
constrictions produced in all parts of the gastro-intestinal canal by 
intravenous injections of ergot, eserin, or barium chloride can be 
completely inhibited by an intravenous injection of magnesium sul- 
phate or chloride in doses insufficient to embarrass the respiration 
to any serious degree. 

The post-mortem peristalsis of animals which received intravenous 
injections of magnesium salts is considerably less in evidence than 
that of normal animals. 

As an additional fact, which was observed in these experitnents, 
may be appended here that the intravenous injection of magnesium 
salts inhibits the muscular tremor produced by intravenous injections 
of physostigmine. 
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AN IMPROVED OPERATIVE METHOD OF FORMING AN 
EXPERIMENTAL ACCESSORY (PAWLOW) STOMACH 
IN THE DOG. 

By JOHN C. HEMMETER. 

IN his article on the Physiological Surgery of the Digestive Tract, 
J. P. Pawlow,^ after considering the advantages and disadvantages 
of previous experimenls upon the stomach, gives a description of 
two new operative methods. The main object of Pawlow's new 
operation is to secure gastric juice for physiological purposes by 
preparing an accessory stomacti in such a way that the secretory 
fibres of the organ shall not be injured, that the juice can be 
obtained in a pure state, that is, without, admixture of food, and 
yet the glandular apparatus be stimulated from the interior surface 
of the gastric mucosa as it is under normal conditions. 

This operation has proved very difficult even in the hands of 
skilled abdominal surgeons, and when performed under peifect 
aseptic technique. The animals do not, as a rule, die from infection ; 
ihey seem to die from (he prolonged etherization. The object of the 
reporter was lo devise an operation accomplishing the same purposes 
as that of Pawlow, and yet capable of a more rapid execution because 
of greater simplicity in plan. An incision is made almost along the 
same line as the original incision of Pawlow, but the object of this 
incision is not to divide the stomach into two parts, for it is only 
carried through the anterior wall of the stomach. (Pawlow's incision 
goes through the anterior and posterior wall.) The object of my in- 
cision is simply to enable the operator to push the mucosa of the stom- 
ach out through the line A B (Fig. i) by invaginating the fundus or 
greater curvature through it. Next an incision is made only through 
the mucosa in a semicircular way, from the greater curvature at C to 
the greater curvature at D, going about as high as the lower third 

' Pawlow : Ergebniaae der Physiologie, Ereler Jahrgang, i Abt. p. 258. 
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of the stomach, or one-third of the distance between the greater 
and lesser curvature, along the line PEG (Figs. 3 and 4). The 




Figure \. — A B, line of Pawlow first 
incision . C, vagus and anterior 
gastric plexus. D, vagu» and poste- 
rior gastric plexus. £, esophagus. 



FluuRG 2. — E^ecl and appearance after 
first Incision according to Pairlow. The 
tines AB, A"B, and DB are closed b; 
sulares. The accessory stomach is made 
out of the part endosed by letters BC, 
■DE. The stomach is made into two 
compartments by sewing together two 
layers of mucosa after they are dissected 
loose — along the dolled tine fC 



I goes through the mucosa only; the mucosa then is very 
slightly dissected off on either side of the incision not more than is 
necessary in order to catch hold of it with the forceps, for the pur- 




PiatTRE 3. Pawtow's origin operation. — A. Figuke 4. 

Line of sutures. B, abdominal wall. The 
doited lines represent mucosa. 
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pose of getting sutures through the cut ends of the mucosa. The 
incision is made both on the anterior and posterior walls of the 
stomach. As far as possible the incisions must be parallel to each 
other, so that when the semicircular incision on the anterior wall is 
approximated to that on the posterior wall of (he stomach, they 
coincide exactly. These two incisions are next united by silk sutures 
beginning at the point C on the greater curvature, and making sure 




Figure 5. — G, fistula on anterior abdominal 



that the angle of the pouch is tightly wailed off from the greater 
part of the stomach by the sutures at this point C. The sutures are 
then carried along the semicircular incision from C to £ to D. In 
this way the anterior and posterior walls are united by an inner row 
of silk sutures, which are inserted no deeper than the muscularis 
mucosae. This has to be done by pushing the part of the greater 
curvature {C E D \n Fig. 4) through the incision A B. When 
the anterior and posterior gastric waits are thus united along the 
lines C E D and C E" D", a circular pouch is formed (C E D G, 
in Fig, 4), separating this part of the stomach from the rest. 
Next the opening in the anterior gastric wall along the line A B 
is closed by sutures, a fistulous opening is made at G, and this point 
attached to the external abdominal wall as in Pawlow's method. On 
cross section of the stomach along the line F G (Fig, 4) the appearance 
of the main and accessory stomach when viewed from the fundus 
would be as represented in Fig. 6. The question might be asked, 
what becomes of that part of the large incision through the mucosa 
which faces the smaller or accessory stomach along C to A to i) on 
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the inner side of the accessory stomach, because no mention has 
been made that this is closed by sutures. In most of my animals 
I have permitted it to take care of itself, for it heals within eight to 
ten days, as subsequent opening of the gastric cavity at this point 
has proved. The secretory fibres of the vagus are not injured in this 
operation, which is simpler of execution, requires less time than the 
Pawlow operation, and accomplishes all that this operation aims at. 

A difficulty met with constantly in all animals thus operated on is the 
erosion and autodigestion of the skin around the abdominal opening. 
This untoward complication is due to the proteolytic effect of the 
gastric juice and to pressure by the rubber tube or cannula used to 
establisti an nutlet from the experimental accessory stomach. If the 
dog is permitted to lie down, there will be still larger erosions, 
because the abdominal integument comes to rest in a pool nf 
escaped gastric juice. 

Two things are of great assistance in this difficulty: one is the 
support of the animal by two broad bandages passed under the thorax 
anterior to the fistula and under the abdomen posterior to the same, 
fixing the dog to an upright holder so that he cannot lie down. 
The animal becomes reconciled to the holder and bandages in a few 
days and learns to rest and sleep in this fixture. If other animals are 
in the same room, the dog operated on must be blindfolded, l>ecause 
the secretion of gastric juice is notably influenced by psychic pro- 
cesses, caused by actions of the experimenter and the behavior of 
other animals. 

Another helpful factor is the dressing of the integument around 
the abdominal wound during the entire time in which the animal 
is under actual observation, that is, during the hours when juice is 
collected and even during the hours of rest. The main object of 
this dressing is to render the gastric juice inert and at the. same 
time to protect the surface of the skin. After testing a number 
of substances as dressing powders I finally settled on simple zinc 
oxide made alkaline with sodium bicarbonate, — about one part of 
sodium bicarbonate to five pans of zinc oxide. During the hours 
of rest this powder is applied liberally all around ihe cannula or 
rubber discharge tube. But during the hours of collection of juice 
care must be had lest some of the alkaline powder fall into the 
collecting bottles and neutralize the juice. It had best be wiped off 
by a little absorbent cotton before the bottle is applied. While the 
juice is being collected it rarely spreads to the surrounding integu- 
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ment and the dressing is not so much needed then. It is in the 
I intervals between the periods of actual collection and study that the 

I oozing of gastric Juice causes the cutaneous erpsion. In sewing 

I the experimental accessory stomach to the abdominal integument, 

I the gastric juice at times penetrates along the silk sutures into the 

depths of the skin. All these stitches must therefore be sealed 

I by an alkaline collodion reapplied daily, and no experimental work 

undertaken until healing is complete. The manner of feeding 
the animal during this period is described in Pawlow's original 
publication.^ 
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THE RELATION OF OPTICAL STIMULI TO RHEOTAXIS 

IN THE AMERICAN LOBSTER, HOMARUS 

AMERICANUS. 

Bv PHILIP B. HADLEY. 



I. Introduction. 

THE older theories regarding the cause of the orientation of ani- 
mals in currents of water and air have taken into account only 
the possible factor of pressure. The most important generalizations 
upon this subject are from Verworn and R4dl, and are mentioned by 
Lyon' in a paper whose object is to introduce, as a possible cause of 
the rheotactic reaction in some animals, three factors : a true sense 
of the unequal pressure tn different portions of the environment; 
a certain variety of contact irritability ; and a purely optical stimulus. 

The older conception of rheotaxis as given by Rddl may be seen 
in the following quotation from his work, " Untersuchungen iiber 
den Phototropismus der Tiere," mentioned by Lyon. Speaking of the 
Ephemeridx, Ridl says : 

" They react very sharply to a gentle current of air, turning the head 
toward the current of air, but without leaving the place in which they 
are floating. The atr current acts by exerting pressure on the body 
surface of the animals, and evidently tends to dravir the body into the 
direction taken by it. On the contrary, the fluttering wings strive 
to lift the body upward and forward. The points of application of 
this force, lifting the body, and the force of the air current need be 
only very slightly separated ; and a force couple will result that will 
rotate the body until the two forces, the muscle force and the force 
of the air current, draw the body in opposite directions. . . . 

" It is easy to pass from the rheotropism of the Ephemeridas to other 

i, p. 149. 
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analogous phenomena oF rheotropism. It will everywhere bfe found 
that the pressure of the air currents acts as one force, and contraction 
of the muscles as the other." 

Some writers, as Verworn, make use of the collective term baro- 
taxis, and include under this head stei^oCropism, geotropism, and 
rheotropism, assuming that all the reactions included in these groups 
are the result of pressure. Rheotaxis, according to Verworn's defini- 
tion, is that form of barotaxis " in which the stimulus is produced by 
a gentle current of flowing water." " This," Verworn continues, " is 
the peculiarity belonging to certain organisms of taking toward flow- 
ing water a direction of motion opposed to the direction of the 
current. Since these organisms thus turn toward a pressure stimu- 
lus, rheotaxis is merely a special form of positive barotaxis." 

With such a criterion of rheotaxis in mind, this phenomenon has 
been attributed to (he behavior of many dififerent kinds of animals. 
Wheeler ' finds, in the orientation of animals flying in the wind, a 
certain form of rheotropism which he calls anemotropism, and which 
he discusses as follows : 

" It requires but a moment's consideration to see that anemotropism 
is only a special form of rheotropism. . . . The only difference lies in 
the fact that the insect reacts to a gaseous, the fish and myxomycete 
to a liquid current. In both cases the organism naturally assumes 
the position in which the pressure exerted on its surface is symmet- 
rically distributed, and can be overcome by a perfectly symmetrical 
action of the musculature of the right and left sides of the body. 

Such explanations of rheotropism as these which have been men- 
tioned bring it at once into the field of the motor reflex theory upon 
which rests the theory of tropisms as it is still held by many investi- 
gators. According to this view, certain reactions in animals result 
from the unequal stimulation of opposite sides of the body, and pro- 
duce, in consequence, a turning either in one direction or the other. 
To quote again from Verworn : ^ 

" Thus the phenomena of positive and negative chemotaxis, baro- 
taxis, thermotaxis, phototaxis. and galvanotaxis, which are all so inter- 
esting and important in all our organic life, follow with mechanical 
necessity as the simple results of differences in biotonus which are 
produced by the action of stimuli at two different poles of the animal 
cell." 

' Wheeler : Archiv (iir Eotnicklungsmechanik, 1899, viii, p. 373. 
' Vervorn : General physiology, 1899, p. 503- 
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And again : 

" They [the tropisms in general] depend, first, upon the specific 
irritability of certain elements of the body surface ; and, second, upon 
the relation of symmetry of the body. Symmetrical elements at the 
surface of the body have the same irritability; unsymmetrical ele- 
ments have a different irritability. , . . These circumstances force 
an animal to orient itself towards a source of stimulus in such a way 
that the symmetrical points on the surface of the body are stimulated 
equally. In this way the animals are led, without will of their own, 
either toward the source of the stimulus or away from it." 

A certain departure from the view of rheotaxis which these theo- 
ries of the tropisms demand, has been made by Lyon, who suggests 
that the rheotactic responses of many kinds of animals may be partly 
due to optical stimuli. His conclusions in the matter may be stated 
as follows : , 

1. In rheotropism the chief element of stimulation is the environ- 
ment, not the current. The current is responsible for the orientation 
only in so far as it causes a relative motion beween the fish and its 
environment. 

2. Contact between fishes and stationary objects in their environ- 
ment may produce an orientation. This, however, is due to the 
action of the current in sweeping the fishes past stationary objects. 

3. Relative velocities of the medium in difTerent parts of the 
environment may cause orientation. Here the case is similar to the 
above; for, if a part of the medium moves while another part is at 
rest, the sensation to the fish is probably similar to that derived from 
the contact with solid objects. 

Having now examined these sources, we may assume that rheo- 
taxis is a form of behavior found in very many animals, and is, in all 
cases, in some way connected with the movement of an environment 
with relation to the position of the animal in that environment. At 
the present stage of our inquiry we cannot vouch for more than this 
fact. Thus, without entering into a further discussion of this point, 
it is the purpose of the writer to introduce the fact that certain of the 
fi«e-swimming stages of Horaarus manifest the phenomenon of 
rheotaxis in a high degree, and to present the records of a few 
experiments which show to some extent the relation of optical 
stimuli to this mode of behavior. 
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11. Procedure. 

The nomiKl mwlmmlng of tlM lobstsr. — It may be of some advan- 
tage to consider, first, the methods of swimming of the lobster in its 
early stages of development. On a basis of morphology and behavior 
alone, the life of the lobster may be divided into three periods : (d) the 
first three stage periods (the larval stages) ; (i) the fourth stage period, 
which is the characteristic free-swimming period ; {c) all later stages. 
During the first period the swimming apparatus consists of the exo- 
podites of the thoracic appendages which beat the water with short 
vibratory strokes. If the appendages are extended (forward), the 
stroke of the exopodites becomes forward and downward, and the 
resulting motion of the larval lobster is upward and backward. 
When, however, the thoracic appendages are contracted (directed 
posteriorly),^ the resulting motion of the young lobster is forward and 
upward. The progressive movement of the lobster in the first three 
stages is almost wholly dependent upon these two methods of swim- 
ming, together with their concomitant variations, which are more or 
less subservient to varying conditions of temperature, light, and other 
environmental factors. Bodily conditions (physiological states), so 
far as they influence the manner of voluntary swimming, are not of 
consequence at this period of the lobster's life; and for this reason 
no evidence of rheotaxis is observable in the behavior of these stages 
in the life of Homarus. 

When, on the other hand, we come to consider the behavior of the 
fourth stage lobster, the condition is different. The swimming appen- 
dages, characteristic of the first three larval stages, have been lost in 
the recent molt. The swimmerets, however, on the under side of the 
abdominal segments, are now functional in a high degree, and upon 
their use is dependent the forward swimming of the lobster in this 
stage. He now swims with directness and purpose, usually near the 
surface of the water, — a phenomenon which may be determined by 
the influence of light, or, more probably, by a food-seeking impulse.' 

' The writer hopes at a later date to consider the relation between the photo- 
tactic responses of the larval lobster and the de^ee of extension or flexioD of the 
thoracic appeadages. 

* In a. series of experiments the full results of which will be published nt a 
later date, the writer has learned that, if clam juice be introduced through a glass 
tube into the bottom of a cylinder where a group of fourth stage lobsters are rest- 
ing, there is an immediate flocking to the surface, where active swimming is main- 
tained for some moments, in spite of the fact that there is no trace of clam juice or 
other stimulating agent in this area. 
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FrAliminary obavrrationa on rbeotaxlB. — When the writer's atten- 
tion was first directed to this subject by Dr. A. D. Mead at the Wick- 
ford Hatchery of the Rhode Island Fish Commission, it was apparent 
that a very slight current of water in the large hatching-bags would 
initiate a marked rheotactic reaction on the part of the fourth stage 
lobsters, and, further, that this response appeared to be more definite 
by night than by day. It was further noted that this rheotactic reac- 
tion was more strongly evinced in the earlier part of the fourth stage 
period, and that in the later part of this period and in the succeeding 
fifth stage the bottom-seeking tendency on the part of the confined 
lobsters often obscured further manifestation of the rheotactic phe- 
nomenon. A favorable opportunity was soon presented at the Wtck- 
ford Experiment Station to study the rheotactic proclivity of large 
numbers of lobsters, in all stages, in the large canvas hatching-bags 
where they were confined. In these bags, which were twelve feet 
square and about four feet deep, the movement of a paddle, revolving 
on a shaft at the bottom of the bag, served to create a constant cir- 
cular current in a clockwise direction. In many of these bags in 
which the eggs were hatched, the young lobsters were raised to the 
fourth or sometimes to the fifth stage; and in all these series there 
could be observed the modification of the swimming process as the 
young lobsters slowly passed on from stage to stage. In the first 
three stages the swimming was always uncertain and desultory, though 
in the third stage lobster there could often be observed a slight ten- 
dency to retain better the equilibrium in the water. 

By the time that the first few individuals had molted into the fourth 
stage, however, one could observe distinctly the contrast between the 
methods of swimming in the third and fourth stage lobsters. While 
the third stage individuals were borne along unresistingly in the 
strong circular current, the fourth stage lobsters, on the other hand 
(even within a minute after molting into this stage), would turn 
directly, head to the current, and maintain their swimming in this 
direction so actively that, if the current was not too strong, they 
would often make some headway against it. This characteristic 
manner of swimming was evinced in an ever-increasing number of . 
lobsters, until the whole body of them had passed into the fourth 
stage; and tben it was a most interesting sight to observe the young 
animals, with hardly an exception, heading into the current, and, as 
one great phalanx, following their circular course, — but, because of 
the force of the current, backwards. 



,v Google 



Relation of Optical Stimuli to Rheotaxis. 331 

In this instance, just as tn the case of fishes swimming in the cur- 
rent of a stream, we find the lobsters themselves suspended in a body 
of water which is moving at a certain rate and in a circular course 
about the central paddle shaft. The question here arises, Is the re- 
sulting orientation of the lobsters the result of the pressure of the 
water? The discussion of this question may for the present be 
deferred, for we are not now able to state to just what extent water 
pressure may be responsible for the orientation of the lobsters in the 
large hatching-bags. We may, however, call further attention to some 
of the actual conditions of the manifestation of this phenomenon. It 
. can be noted that the rheotactic response is observable both by night 
and day, but is possibly more definite at night (a fact which, to say 
the least, does not favor the view that the reaction is due to an opti- 
cal stimulus). Moreover, when the reaction is temporarily interrupted 
by the introduction of obstructions, or by creating other currents in 
the bag, the rheotactic response is manifested again directly, as the 
cause of the interruption has ceased and the primary current again 
comes into force. It may be noted, further, that light under certain 
conditions may modify in a great degree the nature of the rheotactic 
response. In daylight one could observe that the definiteness of the 
reaction was greater when, in the course of the revolutions about the 
central shaft, the lobsters came into a shaded area, as, for instance, 
the shadow of the gearing or of the framework of planks surround- 
ing the bags. In passing suddenly from such a shaded area into 
the bright sunlight (and especially if the head be turned in this 
direction), the reaction might be momentarily lost until the lobsters 
had passed on into another shadow, or had come into such a posi- 
tion that their heads were no longer directed toward the brightest 
light 

These observations, made upon the lobsters in daylight, were 
further supplemented by others made during the twilight and dark- 
ness, when, no matter what traces of desultory swimming might have 
been evinced during the day, the rheotactic reaction was most defi- 
nitely manifested. It was furthermore determined that, just as the 
definiteness of the rheotactic reaction during the daytime might be 
lost temporarily by swimming from shadow into full light, so might the 
reaction at night be modified or totally annihilated by introducing, at 
various angles to the current, the intense rays from an acetylene 
light. No matter at what angle the pencil of rays was introduced, 
one result followed: the annihilation of the rheotactic reaction as a 
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result of the effort to swim in the direction of the most intense rays 
of light.^ 

Somewhat later, as the group of fourth stage lobsters molt into the 
fifth stage, the definitenesf of the rhcotactic response is diminished 
until at last, when the fifth stage has been reached by all the indi- 
viduals, there are none left to manifest any swimming tendency 
whatever. Thus there comes and disappears in the life of a lobster 
the "swimming stage," and with it the very definite rheotactic 
reaction. 

It was these observations that led the writer to make some attempt 
to discover whether or not an optical stimulus might produce the 
so-called rheotactic response in the fourth and later stage lobsters. 

ApparatoB. — The apparatus for the experiments consisted of (i) a 
glass dish for confining the lobsters, and (2) a mechanical device for 
rotating a visual field, or, as we shall hereafter speak of it, the " en- 
vironment," around the lobsters, which were placed in the dish men- 

> Thus, as the writer has explained in another paper (Hadley : Rhode Island 
Fish Commission Bulletin No. 2$, 1906; also, Science, 1905, xxii, p-675), we may 
observe the following modifications in the rheotactic reactions of the fourth stage 
lobsters, due to the direction in which the light rays strilce the water-course in which 
the animals were swimming : 

1. If there is no current in the bag, and the pencil of rays is inlroduced verti- 
cally into the water, the lobsters gather in the illuminated area and tend to swim in 
the direction of the light rays toward the source of illumination. (The fifth or 
later stage lobsters, and sometimes even the late fourth stage, will not give this or 
the following reactions.) 

2. If the current is in motion, and the pencil of light is introduced at right 
angles to the direction of the current, the lobsters lend to swim in tangential lines 
to the current, or so that Ihey move as nearly as possible in the direction of the 
incident rays of light. 

3. If the pencil of light is so introduced that the rays stream opposite to the 
direction of the current, the definiteness of the rheotactic response is, if possible, 
accentuated. 

4. If the pencil of light is so introduced that the rays stream in the same di- 
rection as (or tangent to) the direction of the current, the rheotactic reaction in 
the lllaminated area is broken because of the fact that the lobsters turn in the cur- 
rent, swim with it, and tend to approach the source of illumination ; although, in 
SO doing, the force of the current of water quickly sweeps them past the illuminated 

5. If the source of the rays be gradually withdrawn from the bag containing 
the lobsters, in a "serpentine curve," in such a manner that the direction of the 
rays is constantly changing, but at every point is tangent to .the said curve, the 
lobsters may be made to follow in the same "serpentine" path, at the same time 
quite loosing their orientation to the directive influence of the current. 
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tioned above. In order to keep the lobsters near the margin of the 
dish, where they might be more readily influenced by the moving 
environment, a second, smaller dish, filled with sand, was placed 
within the first, thus forming a ring of the outer portion of the 
larger receptacle. In this ring the 
lobsters might travel ineitherdirec- 
tion, — clockwise or counter-clock- 
wise (Figs. 1 and 2). 

The device used for rotating an 
environment about the lobsters, con- 
fined as described above, consisted 
of a modified kymograph, so ar- 
ranged that the speed could be reg- 
ulatedat will. For the environment, 




Figure 1. — Side view of d«vke used 
for rotating an enviranment around 
the lobsters. A, rod from which 
glass dish is suspended : Afcepre- 
senM section of circular path alioi 
inner glass dish ; ^ represents sei 
tion of glass dish containing sani 
placed within the larger dish ; E 
represents the cardboard cylindei 
placed over the drum (Z>), 
taining the "windows" (C). M 
represents the direction of rotation 
of the 



Figure 2. — Top view of the device lued for 
rotating an environment around the lob- 
sters. E represents the outer cylinder of 
cardboard (the environment) ; W repre- 
sents the circular path around the inner 
glass dish (£) filled with land \ Crepresenls 
the " windows " in the cardboard ditk un- 
derlying the bottom of the larger glass diih; 
L represents the direction of the incideot 
light rays striking the dish ; O represent* 
the obstructing objects which determine 
the direction of the light striking the dish; 
R represents the direction of the rotation 
of the ei 



a cylinder of cardboard, containing at the upper end longitudinal 
slits ("windows"), was placed over the drum so that it would 
revolve with it; this cylinder also projected two inches beyond the 
top of the drum so that within this projecting portion might be 
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suspended the dish containing the lobsters. This dish was so hung 
that the bottom was one-eighth of an inch above the top of the drum, 
the projecting cardboard extending a slight distance above the top of 
the dish (Fig. 2). Furthermore, a disk of cardboard, slitted radially, 
was placed over the top of the drum and beneath the bottom of the 
suspended dish, in order to afford a moving environment beneath the 
lobsters. 

By means of this contrivance it is clear that, when the drum was 
set in motion, the cardboard cylinder surrounding the suspended dish 
would rotate; and likewise the card disk beneath the dish. Thus, 
from the standpoint of the lobsters, although the water in which they 
were swimming was absolutely motionless, the environment on both 
the side and bottom would be continually moving in the direction of 
the rotating drum, — in this case, counter-clockwise. 

Method of reoordlng raBolto. — In the greater number of experi- 
ments, the reaction of 5 or 10 individuals was tested at the same 
time. These lobsters were placed in the circumscribed area of the 
dish and this dish placed directly over the drum and within the 
cardboard cylinder. The lobsters were then allowed ten or fifteen 
minutes to become acquainted with their new surroundings. After 
this period of lime readings were taken to determine whether, when 
the environment was not in motion, there was any appreciable ten- 
dency for the confined lobsters to travel to a greater extent in a 
clockwise or in a counter-clockwise direction around the central 
dish. These records were taken at the end of each minute for a 
period of eight minutes. The first preliminary tests, while no drum 
was in motion, demonstrated at once that there existed an unex- 
plainable tendency for the lobsters to travel around the central dish 
in the clockwise direction. Forty-eight readings in six sets of ex- 
periments, each set involving the use of from 5 to 10 lobsters, showed 
that while 13^ individuals moved in a counter-clockwise direction, 213 
moved clockwise; When it was attempted to discover the reason for 
this tendency, manifested even before the drum was set in motion, 
it transpired that the directive influence of the light coming from the 
windows in the room where the experiments were being performed, 
was responsible for this behavior. It appeared that the rays of light 
coming from the two windows on opposite sides of the dish, because 
of interposed objects, struck the dish in tangential lines on opposite 
sides (Fig. 2) ; so that on one side of the circular compartment the 
rays came from the left, while on the side diametrically opposite, they 
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came from the right. Thus the direction of the light stimulus re- 
sulted in determining the direction of movement of the young lobsters 
(at all times away from the source of light), and compelled them 
to travel in a clockwise path about the inner dish. Since it was not 
possible at the time of experimentation, because of the position of the 
windows, to produce a uniform lighting on all sides of the lobsters, 
it was deemed best to allow the conditions to remain as they were 
in these preliminary tests. For this reason, if an optical stimulus, 
caused by the rotating environment, should have any directive influ- 
ence upon the movement of the young lobsters, the resulting reaction 
would represent not only an overcoming of the natural tendency to 
remain at rest, but also a reversal of the tendency, already in effect, 
to travel in the opposite direction from that of the moving environ- 
ment. These conditions prevailed during the course of the experi- 
ments which are now to be described. 

III. ExPERItlEHTS. 

In the first experiments wherein the rotating environment was 
brought to bear upon the fourth and fifth stage lobsters, it was 
demonstrated that, just as the influence of light may have both a 
kinetic and a directive effect upon the behavior of the young lob- 
ster, in a like manner might the rotating environment be effective 
through both its kinetic and its directive influence. In case the 
lobsters are at rest at the beginning of the experiment, the first 
response to the rotation of the environment is a movement in 
some direction, — the result of the kinetic effect. Gradually, how- 
ever, the directive influence makes itself felt; the young lobsters 
respond accordingly, and manifest a tendency to move in ike same 
direction as the moving environment. 

In all, seven sets of lobsters which were used for the experiments 
are here to be recorded. These are sufficient to demonstrate the 
general drift of the results. Of these seven sets three were of 10 lob- 
sters each, the others of 5 lobsters each. Each set was given eight 
successive tests, one minute apart. Besides these there were other 
experiments in which the immediate physical environment was mod- 
ified by placing sand on the bottom of the dish where the lobsters were 
confined ; and other experiments in which blinded lobsters were em- 
ployed. Either 5 or 10 lobsters were generally used for experi- 
ment, for so small a number scattered over the fleld could be taken 
in at a glance; and, furthermore, this number seemed sufiiciently 
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large to give representative results. In all the sets of experiments, 
moreover, tlie first direction of movement, while the drum was not in 
motion, was tested. The results in all the tests, as will be observed 
in the following record of experiments, agree with great uniformity. 



FIRST SERIES. 



T„,„»m.„.„,..,„„.ov„.„„-. 


Drain DOt in motion. 


Drum in nottoD. 


Counter 


Clockwise. 


Connter 
clockwiK. 


ClockwiH. 




6 
6 
5 
7 
7 
7 
S 
6 


8 

6 

4 


6 


31 


49 


50 


30 



In the series of experiments recorded above, it is evident that the 
tendency for the lobsters to move in the clockwise direction when the 
drum is not in motion has, by bringing into efiEect a rotation of 
the environment in the opposite direction (counter.cIoclcwise), brought 
about a reversal in the direction of the progressive movement, so 
that finally many of the lobsters come to travel in the same direc- 
tion as that of the moving environment. The remaining individuals 
may be either at rest or travelling in the opposite direction. 

In the second series of experiments the speed of the drum was di- 
minished from 42 revolutions per minute to 30 revolutions. The 
result was similar to that obtained in the first series, save that a 
proportionately greater number of lobsters in the second series moved 
in the direction of the rotating drum, i. e., counter-clockwise. In view 
of these results, in all the later experiments, with one exception, the 
slow-speed drum was employed. 
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SECOND SERIES. 



Tbk individuals j slowly moving drum. 


Dram not in motion. 


Drnm in motion. 


Counter 
clock wi«e. 


Clock wiie. 


Counter 


Clockwiw. 
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THIRD SERIES. 



Ten INDIVIDUALS; veby slowlv uovinc drum. 


Drum not in motion. 


Dium in motion. 


Counter 
clockwise. 


ClockwiM. 
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In this series of experiments the conditions were still further mod- 
ified by diminishing the speed of the drum to 20 revolutions per 
minute. The results obtained coincided more closely with those ob- 
tained in the case of the rapidly moving drum ; %. e.. a smaller num* 
ber of lobsters moved in the direction of the moving environment. 
In spite of the slight differences which are to be observed in these 

FOURTH SERIES, 



Five fifth stage lobsters; ilowly moving drum. 


Dnim not id motion. 


Dram in motion. 
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Clockwise. 


Counter 
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Clockwise. 
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21 
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three series, the conclusion which we must draw from the series as a 
whole is that the fourth stage lobsters may manifest a so-called rheo- 
tactic reaction as the result of an optical stimulus. 

Id the experiments next to be recorded (Series IV, V, VI), instead 
of using the fourth stage lobsters, individuals which had molted into 
the fifth stage were selected. It may be appropriate to note at this 
time that the behavior of the fifth stage lobster differs, in some re- 
spects, from that of the fourth stage. While the fourth stage is typi- 
cally a swimming animal, and only under especially favorable conditions 
manifests any tendency to burrow, the fifth stage lobster, on the other 
hand, possesses the hiding and burrowing habit well developed, and 
instead of swimming actively at the surface of the water, as does the 
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fourth stage lobster under most circumstances, he retreats to the 
depths and attempts to hide in some sheltered corner. Quite in 
agreement with these modes of behavior is the fact that the response 
of the late fourth stage lobsters to the moving environment was never 
so definite as the reaction of the early fourth stage lobsters; and like- 

FIFTH SERIES. 



Five fifth stage lobstees ; slowly moving drum. 


Drum not in motion. 


D,.„i, ..„.». 


CounlCT 
clockwiM. 


Clockwise. 
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Clockwise. 
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wise the fact that the reaction of the fifth stage lobsters was less 
definite than either, especially when the bottom of the glass dish 
containing the lobsters was partly covered with sand or gravel. Such 
a condition appeared to annihilate whatever tendency to wander about 
remained in the fifth stage lobsters, and to call forth a certain kind of 
contact irritability which is observable in many phases of the lob- 
ster's behavior when he is in the latter part of, or past, the fourth 
stage. 

In the fourth and fifth series of tests, mentioned above, the results 
show that, to a less degree than in all previous cases, has the effect 
of the moving environment been able to overcome the natural ten- 
dency on the part of the fifth stage lobsters to avoid the light, or to 
cause them to move in the counter-clockwise direction. For this 
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reason we cannot interpret the actual degree of the rheotactic re- 
sponse by the ratios, 21 ;i9, 24:16; for in all these cases there was, 
as has been said, a conflict between the tendency to move with the 
rotating environment and the tendency to move away from the source 
of light ; and this holds true, not for the fifth series alone, but for all 
other series as well. 

SIXTH SERIES. 



Five barlt fifth stage lobstbks ; slowly moving drum. 


Drum not in motion. 


Drum in motion. 
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Under the conditions of a weak light stimulus, the tendency to 
keep pace with the moving environment prevailed; but when the 
intensity of the light (striking the dish in a tangential clockwise 
direction) was increased, then the directive influence of the light 
was sufficiently powerful to overcome the possible reaction to the 
moving environment. Taken together, the fourth and fifth series of 
experiments demonstrate the fact that, while under the conditions 
of a stationary environment the tendency to avoid the light and to 
travel in a clockwise direction is relatively stronger than in the fourth 
stage, still the tendency to move with the moving environment, 
though effective in sonie degree, is less so than in the lobsters of the 
fourth stage. 
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In the sixth and seventh series of tests one change was made in 
the nature of the experiment. While- in Series I to V the bottom 
of the dish in which the lobsters were confined consisted of clear 
glass over which the lobsters crawled, in Series VI and VII, on 
the other hand, the bottom of the dish was thinly covered with 
a layer of sand in such quantity as to furnish footing for the crawling 

SEVENTH SERIES. 



FiVl tATE rrHTH STAGE LOBS 


„„,..o„,.v 


„ov..o»„-. 
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lobsters, and at the same time not to inhibit the effect of the moving 
disk beneath the glass bottom. The results here found are indica- 
tive of the fact that there is no marked difference between the 
behavior of the fifth stage lobsters in a quiet environment and the 
same lobsters subjected to a moving environment, when in both 
cases the bottom of the dish has been sanded. In this series of ex- 
periments, when the drum was not in motion, the lobsters were for 
the most part resting on the bottom of the dish or moving slowly in 
the clockwise direction, — although some of them would occasionally 
turn and face or travel in the counter-clockwise direction. When 
the environment was rotated, it was first the kinetic effect that influ- 
enced the lobsters; and as a result, they would begin to move in one 
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direction or the other. At no time, however, did the majority, in 
. any one series of experiments; move in the counter-clockwise direc- 
tion ; and in the series recorded above (seventh series), it appears 
that the greater number travelled in the clockwise direction. Thus 
we may assume that when sand is placed on the bottom of the dish, 
there is produced (always in the case of the fifth stage lobsters and 
sometimes in the fourth stage) a kind of contact irritability which 
modifies the otherwise more or less definite tendency to be influenced 
by the moving environment. Lyon has assumed that, in the case of 
fishes, under similar experimental conditions, contact between them 
and points in their immediate and motionless environment may 
serve to correct the false, visual impression gained from the move- 
ment of the outside environment. It would appear that this ex- 
planation may also partly account for the fact that the definiteness 
of the rheotactic reaction is gradually diminished as the lobsters pass 
on through the fourth, fifth, and later stages; for during these suc- 
cessive periods contact irritability is constantly becoming of more 
importance as a factor which modifies the behavior of the young 
lobster. And yet, on the other hand, this contact irritability does 
not wholly correct the false impression gained from the motion of the 
environment; for we have seen that in Series VII a certain propor- 
tion of the lobsters which formerly were headed in the clockwise 
direction came either to head or to move in the opposite direction, 
although the orientation of the majority was not changed. 

By the time the lobster has entered the sixth stage the bottom- 
seeking habit has become so well grounded that the free swimming, 
so characteristic of the fourth stage lobster, is rarely indulged in; 
and in consequence, although the lobsters are strongly influenced by 
the rays of light, the motion of the environment no longer has the 
power to stimulate a movement in the counter-clockwise direction ; 
and it may, moreover, even give, through its purely kinetic effect, an 
initiatory stimulus which results in a movement in the clockwise 
direction. It is perhaps unnecessary to state that in the case of the 
blinded lobsters no reaction took place, either to the movement of 
the environment or to the incident rays of light. 

IV. SUHHARY. 

I. Under proper conditions of stimulation, rheotaxis is shown in 
a marked degree in the behavior of Homarus, and is first and most 
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strongly evinced in the fourth stage in the lobster's development. 
As contact irritability assumes greater importance in determining 
the behavior of the lobster beyond the fourth stage, rheotaxis is 
gradually lost. 

2. The rotation of an environment, at an optimum rate, about 
a dish containing fourth or fifth stage lobsters, may have two effects ; 
(l) the kinetic effect, to stimulate the lobster to some reaction ; (2) 
the directive effect to cause the lobster to move in the direction of 
the moving environment. In other words, we may say that the so- 
called rheotactic response in Homarus may be initiated as the result 
of a purely optical stimulus. (This does not, however, preclude the 
possible effect of pressure or contact irritability, which may, in some 
cases, be operative in bringing about the- final orientation of the 
lobster.) 

3. The manifestation of the rheotactic reaction which would other- 
wise occur may be prevented, modified, or wholly annihilated by 
introducing other stimuli such as light, changes in the physical en- 
vironment, etc. If the light be weak, the tendency to manifest a 
rheotactic reaction may overcome the tendency to respond to light. 
If the light be intense, or introduced suddenly, the rheotactic re- 
sponse may give way to the phototactic. 
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THE MAINTENANCE OF CEREBRAL ACTIVITY IN 
MAMMAI^ BY ARTIFIQAL CIRCULATION. 

By C- C. GUTHRIE, F. H. PIKE, and G. N. STEWART. 
[/>WM tAt Hull Phyii^igUal Laicratary of tkt Unh/triily ef Chicago^ 

IN a former paper we ^ endeavored to fix the limits within which the 
central nervous system of mammals may, after temporary anaemia 
produced by ligation of the head arteries and consequent loss of 
function, be restored to activity when the ligatures are removed. 

The experiments reported in the present paper were begun as a 
preliminary series to those already published. One object was to 
determine whether any solution other than the animal's own blood 
would sustain any degree of cerebral activity. After working out the 
limits within which the normal circulation of the animal's own blood 
was effective, it became an interesting problem to investigate the 
maintenance of activity or the resuscitation of the brain of a decapi- 
tated animal by circulating through it, under the best possible condi- 
tions, the blood of another animal of the same species. The best 
possible conditions were considered to be fulfilled when the cerebral 
vessels'of the decapitated head were anastomosed by suture directly 
to the corresponding vessels of another animal of the same species. 

Previous Work. 

Gies * investigated the irritability of the brain during anaemia pro- 
duced by perfusion with solutions of pure sodium chloride, Ringer's 
solution and modifications of it, Schucking's solution, rabbit and 
horse serum, and 0.7 per cent sodium chloride solution containing 
paraxanthin or " chloralhacid " (a chlorine compound with albumin). 
In toads all reflexes persisted for some time, e.g., six and one-fourth 
hours for respiration when the animal was perfused with 0.6 per cent 

1 Stewart, Guthrib, Burns, and Pike: Journal of experimeatal medicine, 
1906, viii, p. 2S9. 

* Gies; This jouraal, 1903, ix, p. I3r. 
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sodium chloride solution. In cold-blooded animals the various func- 
tionsceased in the following order: (i) respiration, (2) skin reflex, 

(3) lid reflex, (4) nose reflex, and (5) heart beat. In .warm-blooded 
animals, which, however, are only incidentally alluded to, the order of 
cessation was: (i) lid reflex, (2) reSJjiration, (3) nose reflex, and 

(4) heart beat. 

A number of other attempts, all of which were unsuccessful, have 
been made to maintain the activity of the reflex nervous centres of 
animals by perfusion with solutions of inorganic salts of the blood. 
Ries,^ the latest investigator in this line, was unable, working with 
frogs, to find any such solution. Perfusion with rabbit's serum re- 
vived the centres after they had lost their irritability following perfu- 
sion with the inorganic salt solutions. 

Laborde' was the first to perfuse the isolated human brain, using 
the heads of decapitated criminals and the blood of dogs and oxen. 
In one case, that of the criminal Gagny, he connected by glass tubes 
the left carotid of the head with the corresponding carotid of a vigor- 
ous dog, and into the right carotid of the head he injected defibri- 
nated ox-blood. The head of Gagny was received about the seventh 
minute after decapitation. Cannulas were adapted to the cerebral . 
arteries in about ten minutes more. The perfusion was begun about 
eighteen minutes after decapitation. • Stimulation of the Rolandic 
area of the cerebral cortex, which meanwhile had been laid bare, 
caused movements of the orbicularis palpebrarum muscle, of the eye- 
brows, the supra-orbital portion of the frontal muscles, and the ele- 
vators of the jaw, — phenomena which persisted fifty minutes. Of 
his fifth perfusion (that of the head of Heurtevent of Caen) Laborde 
says that the results were absolutely negative as far as they concern 
the restoration of excitability of the cerebrum. In no case did 
Laborde get any return of voluntary movements. 

Hayem and Barriere * decapitated dogs and perfused the head with 
defibrinated blood in five experiments, and entire blood in seventeen 
experiments, using bottles filled with blood of horses and dogs for the 
purpose. The entire blood gave the more satisfactory results. Their 
conclusions were: (r)Thc corneal reflex disappears before the last 
respiratory movement. (2) The head then becomes completely inert 
and the pupils dilate, with definitive death. (3) Resuscitation occurs 

' RiES : Zeitschrift fiir Biologic, 1906, N. F. xxix, p. 279. Full literature. 

" Laborub, cited by Havi;m and Barriere, q. v. 

' Hayem and Barriere: Archives de physiologie, 1887, p. i. 
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when the perfusion is made without delay. (4) But, to give satisfac- 
tory results, the perfusion should be done with oxygenated blood at 
suitable temperature and pressure, and should be sufficiently copious 
and prolonged. (5) Resuscitation was possible only for very brief 
intervals under any conditions.' 

References to other work are given in our former paper. 

An idea of our own observations will most easily be conveyed by 
presenting the condensed protocols of three selected experiments. 

Experiment 1. — With Locke's solution. 

Small dog; young. Ether, Tracheotomy. Cannula for injecting 
warm Locke's solution in jugular vein ; connected with pressure bottle. 
Cannula for bleeding in femoral artery. 400 c.c. to 500 c.c. of blood 
withdrawn. 

About 700 c.c. of Locke's solution injected first time. Then alternate 
bleeding and injection of Locke's solution until one litre had been injected. 
Corneal reflex still present when injection was stopped; reflex continued 
for a period of a few minutes during which no fluid was withdrawn or 
added. 

A second period of bleeding and injection of l-ocke's solution followed. 
Corneal reflex disappeared. Then great dyspnoea and deep respiration. 
Heart stopped in twenty-live minutes from beginning of flrst bleeding. 
Fluid escaping from femoral aannula still contained a fair number of red 
corpuscles. 

Locke's solution, even when mixed with a considerable proportion of 
the aniuial's own blood, did not maintain the corneal reflex for any length 
of time. 

Experimeni S. — With delibrinated blood. 

Pup. Ether. Blood obtained from a dog on the previous day 
had been defibrinated and kept on ice for twenty-four hours. Used for 
artificial circulation through brain of pup. 

11.23 *■ "^^ Tied right subclavian artery and vein. Artificial respiration. 

11,36 A. M, Tied aorta and put cannula in central end. 

11.28 A. M. Tied inferior vena cava. 

1 1.38 A. M, Put cannula into inferior vena cava toward heart, running 
it up into auricle. Corneal reflex present. 

ti.39A.M. Tied heart in auriculo -ventricular groove, omitting the 
great veins, and immediately began artificial circulation from a pressure 
bottle with the defibrinated blood prepared. Strong movements of head, 
neck, and jaws, with gasping movements like dj'simoea, although defibri- 
nated blood is circulating freely. (The blood in the tubing and cannula 
may not have been well oxygenated, but that in bottle was.) Tested 
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corneal reflex repeatedly and found it well marked. There were also 
voluntary movements of eyes when administration of anaesthetic was 
reduced. Pupils contracted. 

11.47 *-M- Corneal Tell<;x very feeble in right eye; good in left eye. 
Spontaneous respiratory movements ceased at this time. 

11.48 A. M. Corneal reflex absent in both eyes. Pupils strongly con- 
tracted. Tried for light reflex several times in last few minutes, but could 
not be certain of its presence. 

Stimulation of vago-sympaChctic nerve in neck caused dilation of pui^l 
of right eye until la.io, of left eye until 1.13. Corneal reflex was main- 
tained for about nine minutes. 

Experiment 1&. — With entire blood and vascular anastomosis. 

Two dogs, one somewhat larger than the other, were etherized. Tra- 
cheotomy. The peripheral ends of the carotid arteries and internal jugu- 
lar veins of the smaller dog were anastomosed to the corresponding 
vessels of the larger dog by Cairel's method.' The skin flaps from the 
neck were then sewed together. 

4.35 p. M. Now severed head of small dog from body with exception 
of backbone. 

4.36.30 p. M. Now severed backbone and spinal cord of small dog in 
lower cervical region, completing decapitation. Respiratory movements 
ceased. No corneal reflex because of deep anaesthesia. 

4.40 p. M. Respiratory movements of nostrils and mouth of trans- 
planted head began ; rate about 35 per minute. Good gasping move- 
ments and good corneal reflex. Pupils at nearly maximal dilation. 
Respiratory movements of transplanted head soon fell to »o per minute. 
Administration of ether to pumping dog now temporarily stopped. 

4.43 p. M. Winking movements of eyes of transplanted head apparently 
a little in advance of respiratory movements, but of same rhythm. 

4.46 P.M. Winking less rapid than respiratory movements of trans- 
planted head ; well-marked corneal reflex. 

4.47 p. u. Pupils at half maximal dilation in transplanted head.. Again 
gave ether to pumping dog. 

4.5 1 p. M. Tried for light reflex on transplanted head ; probably not 
present, but could not be certain. 

4.52 P.M. Respiratory movements stop in transplanted head. Ether 
to pumping dog stopped, but there is considerable dyspncea. 

4.53 p. M. Carotid artery to transplanted head clamped ; respiratory 
movements started in head. No ether to pumping dog. 

4.55 P.M. Gasping movements of mouth, winking, twisting of trans- 
planted head. 

' Carrel: American medicine, 1905, x. p. 284. 
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4-55'3° ^- '^- Respiratory movements, 20 per minute in both heads. 

4.57 P.M. Piece of meat pushed down throat of transplanted head 
swallowed. 

5.03 p. M. Pupils of transplanted head smaller than at last observation. 

5.07 p. M. No corneal reflex in transplanted head. Pumping dog 
breathing very slowly. 

5.08P.M. Artificial respiration for pumping dog ; no reflexes. Gasps 
in transplanted head. 

5.08.45 p. M. Powerful gasp by pumping dog. 

5.10 p. M. Transplanted head had lost all signs of activity. 

5.12 p. M. Thorax of pumping dog opened ; heart practically stopped. 

5.13.30 P.M. Massage of heart of pumping dog. 

5.17 P.M. Movements of tongue of pumping dog. 

5.19 p. M. Blood circulating in tongue of transplanted head ; eye no 
longer cloudy. 

5.21. p. M. Experiment concluded. Pumping dog killed with ether. 

To summarize the chief results of Experiment 12 : Winking move- 
ments were observed for about nineteen minutes. Corneal reflex 
maintained for twenty-seven minutes. Respiratory movements per- 
sisted for about thirty minutes and were sometimes synchronous in 
both dogs. Swallowing movements and winking were well marked, 
indicating a considerable degree of activity of some at least of the 
cerebral and medullary centres. 



General Summary and Conclusions. 

We conclude, from a consideration of the above data, (i) that solu- 
tions of the inorganic salts of the blood are totally inadequate to sus- 
tain the activity of the brain including the medulla oblongata, either 
as regards reflex or voluntary function. Even when mixed with a 
considerable proportion of blood, these solutions are inadequate. 

(2) Defibrinated blood, circulated by means of a pressure bottle, 
maintained the activity of the reflex centres and also of the cortical 
motor centres for short periods, up Co eight or nine minutes. 

(3) The circulation of properly oxygenated entire blood through 
the isolated brain under the best possible conditions attainable, i. /., 
when the isolated head was supplied with blood from the circulation 
of another animal of the same species, maintained reSex and even 
voluntary activity of the higher nervous centres for considerable 
periods. Voluntary movements persisted for about nineteen minutes. 
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corneal reflex for twenty-seven minutes, and respiration for thirty 
minutes. 

(4) An unbroken connection between the brain and lower part of 
the spinal cord is, therefore, unnecessary for maintaining at least 
some of the medullary and cerebral centres. Suitable nutritive con- 
ditions are sufficient. 

It is uncertain whether any significance should be attached to the 
synchronism of the respiratory movements of the isolated head with 
those of the pumping dog, which was sometimes observed. It has 
been shown' that the blood pressure of an animal modifies the rate 
and character of its respiratory movements. These movements are 
slower and deeper during low blood pressure than during high pres- 
sure. The synchronism observed might be thought to indicate that 
the condition of the blood and the pressure at the moment were more 
important factors in determining the rate of discharge of a given 
respiratory centre than any inherent property of the centre itself. It 
is possible, of course, that the synchronism was merely a coincidence, 
and therefore indicates nothing as to the influence of the state of the 
blood upon the centre. 

I Guthrie and Pike: This jouraal, 1906, xvi, p. 47;. 
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THE INFLUENCE OF TEMPERATURE UPON THE RATE 
OF HEART BEAT IN THE LIGHT OF THE LAW 
FOR CHEMICAL REACTION VELOCITY. - 11. 

By CHARLES D. SNYDER. 

[From Ihi Amtrican Unnieriitf Tailt at the ZoiHiigical Statieu. Miflis.} 

COHEN ^ pointed out that the temperature effect upon Hertwig's 
developing frog eggs obeyed the law for the influence of 
temperature upon chemical reaction velocities; also that the out- 
put of carbon dioxide in Clausen's experiments with germinating 
seeds followed the same law. Quite recently Peter * has shown that 
the rate of development of echinoderm eggs alsp follows this law; 
and Loeb,' that the rate of artificial maturation of Lottia eggs is a 
function of the same logarithmic formula. Jost* again shows that 
this relation holds good for physiological activity in plants. 

In a former paper^ the writer showed that the influence of 
temperature upon the rate of beat of isolated hearts of the Pacific 
terrapin (Clemys marmorata) obeyed the law for chemical reaction 
velocities. The heart beats followed the law especially well between 
7,5° and 30° temperature. Just lately T. B, Robertson* observed the 
rate of heart beat in a minute Daphnia under various temperatures. 
He finds that the rate of the heart, t}eating in the living body of the 
animal, within certain limits of temperature is also in accordance with 
the law for chemical reactions. 

The Rate of Heart Beat in Phyllikrhoe as influenced by 
Temper ATURE- 
In the Gulf of Naples is found a beautifully transparent nudibranch, 
Phyllirrhoe, whose heart can easily be seen through the body tissues. 
1 Cohen : Vorlesungen iiber physikalische Chemie, 1901. pp. 41-45. 
' Peter, Karl; Archiv fiir Entwickelungsmechanik der Organismen, 1905, 
XX, p. 130. 

* Quoted afier T. B. Robertson, Biological bulletin, 1906, x, p. 242, 

* Biologisches Centralblatt, 1906, xxvi, p. 225. 

* Snyder, Charles D. : University of California publications. Physiology, 
1905, ii, p- 125- * RoBERTso.v, T. B. : Loe. cit. 
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If one puts a few of these animals in a dish of sea water, they swim 
around for a little while and then sinlc down to the bottom of the 
dish, where they lie on their sides at rest. In this position the heart 
can easily be seen, and its rate taken, with a stop-watch, by direct 
observation. 

The animals which came into the laboratory were from two to 
three centimetres long. Four of them were put into separate dishes 
containing each about a half litre of sea water. The temperature of 
the water in all the dishes was the same. After a few minutes, while 
the animals were resting, counts were made of the heart heats and 
recorded. The animals were later transferred to other dishes of sea 
water having a higher or a lower temperature. In a few minutes 
counts of the heart beats again were made and recorded, and so on. 

It was at once seen that at room temperature there was little 
individual variation of heart rate. However, the animals were ex- 
posed to each temperature for about half an hour, during which time 
many counts were made on each specimen. 

The average rates of all these observations for the different in- 
dividuals, at the various temperatures tried, are as follows: 



At 20°. 



At 25°. 
57 



Average rates 36.7 



66 
63-7 



When calculated, the temperature coefficients for these individual 
cases are: 



The coefficients of the average rates : 



' Specimen No. 2 died before this cKperin 
another individual, No. 5. 



s made. The rale her 
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The average coefficients arc : 



From the table of coefficients (quotients) above, it will be seen 
that the individual variation is from 1.7 to 3.5, and that the varia- 
tion of the average coefficients for different temperatures is from 
1.8 to 3.1. The average coefficient for all temperatures of the experi- 
ments is 2.52. 

It was concluded, therefore, that the heart of the moUusk, Phyllir- 
rhoe, is influenced by temperature in the rate of its beat at a velocity 
similar to that for a chemical reaction.^ 

The Rate of Heart Beat in Maia verrucosa as rNFUiENCED 
BY Temperature. 

During the past season experiments were made on the influence of 
temperature upon the isolated hearts of a crustacean, Maia verrucosa. 
Preliminary tests were made to determine the constituency of a 
salt solution in which the heart of this animal, after removal from 
the body, would live longest. A solution similar to that employed by 
Rogers' was finally selected. The chief difference in the two solu- 
tions is in the concentration. The solution used for Maia verrucosa 
hearts was \ molecular. The number of parts by volume, — 

NaCl . . . loo.o MgCl, ... 7.8 

KCl ... 2.2 MgSO* . . . 3.8 

CaCl, ... 30 

Filtered sea water to which was added a slight amount of calcium 
chloride (i c.c. to too c.c. of sea water) was also found to be equally 
as good as the artificial solution. 

The heart of Maia verrucosa is a delicate organ, averaging about 
I cm. in horizontal diameter. Unless great care is exercised in 
removing it from the body, the heart comes to a standstill from which 
it does not recover. In no case could the rhythm be maintained 
much more than an hour. 

On account of the extreme frailty of the tissues, the heart was not 

■• For complete reference to this literature see my former paper, loc. cit., 
pp. 134 ff. 

* Rogers, Charles G.: Journal of experimental zoology, 1904, ii, p. 237. 
of Rogers' solution was ^ mol. 
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usually attached to a lever, and so few records were taken on the 
kymograph. The slow rate of the heart beat, however, made it quite 
easy to count the contractions by direct observation, timing them 
with a stop-watch. Most of the observations were made by this 
latter method. 

TABLE I. 

The rates of heart-beal of Maia verrucosa as influenced by temperature, together 

with the corresponding temperature coeBicienis. 



Number of 


in degrees C. 


Duraliou oE 
exposure lo 
new lemper- 

mlnul'es. 


Number of 

beais per 
minuie. 


Average 

dfff^nt 
temper- 
atures. 


Calculated 
coefficients of 
Kateat r.4-i(i 

Kate at Ti. ' 


1. a 


17.0 

7.0 
7.0 


3 
6 

12 


34.0 
14.0 
8.0 


34.0 
11.0 


3.0 


b 


18.0 
18.0 
1S.0 
8.0 


1 
2 
6 
3 


13.0 
12.0 

11.0 
4.0 


12.0 

4.0 


3.0 


2. a 


9.0 
19.0 
190 


3 
3 

4 


1S.0 

3ao 

30.0 


15.0 
30.0 


2.0 


b 


26.0 
26.0 
16.0 
16.0 


4 
6 
4 
7 


200 
18.0 

ao 

8.0 


19.0 
8.0 


2.3 


3. a 


20-0 
14.S 
14.S 
14.5 


10 

12 
13 


42.0 
24.0 
21X1 
18.0 


42.0 

21.0 


4J) 


b 


Z0.S 


3 


36.0 


36.0 


2.2 


= 


2S.0 
2S.0 


2 
3 


40.0 
36.0 


38.0 


1.8 


4 


160 
2S.0 


25 

13 


90 

17.0 


9.0 
17.0 


2.1 


S. a 


17J)(«i.| 
12.0 


3 

8 


230 

11.5 


23.0 
11.5 


4.0 


b 


19.0 
100 




310 
lOO 


31fl 
10.0 


3.3 


C 


16.0 
24.0 

24.0 




30 
11.0 
1.1.0 


3.0 
13.0 


53 


T 


2.V0 
16.0 




16,0 
60 




2.9 
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The data obtained were at once inspected for evidence pointing 
toward chemical reaction velocity. The quotients of rates at io°, or 
nearly io°, apart are shown in the left-hand column of the table below. 
Where observations of rates at temperatures less than lO apart 
were made, the coefficient (as was done above) is roughly calcu- 
lated from the data at hand for the full io°. 

The quotients here are apparently high, the average of all of them 
being 2.99. But, after all, this is just what one should expect, inas- 
much as the rates are for relatively low temperatures. The experi- 
ments on the P. terrapin heart showed that this quotient grew larger 
with the lower temperatures and smaller with the higher tempera- 
tures. In the present experiments the highest temperature at which 
the Maia verrucosa hearts continued to beat was 26° ; ' while in the 
former experiments the P. terrapin hearts beat at a temperature as * 
high as 40" C. 

However it will be remembered that this temperature coefficient, 
even in the case of pure chemical reaction velocities, varies, as van't 
HofE' has shown, considerably. And so the velocity of heart rate of 
Maia verrucosa falls clearly within the limits of chemical reaction 
velocities. Therefore we are justified in concluding from the above 
data that the rate of heart beat in Maia verrucosa, within limits of 
normal variations of temperature, increases with the temperature at 
a velocity similar to that of a chemical reaction. 

The Rate of Heakt Beat in Mammals as influenced bv 
Temperature. 

It has now been shown that a reptile heart, two very different 
crustacean hearts, and a molluscan heart are all influenced by tem- 
perature, in their rate of beat, at the same velocity as a chemical 
reaction is influenced by temperature. 

The question naturally rises, to what extent does temperature 
affect the mammalian heart in this way? For an answer we need 
only turn to the original papers of Newell Martin and of Langendorif. 

' Tlie isolated heart of Maia verrucosa, under different conditions, will prob- 
ably beat at higher and at lower lempsratures than it did in my experiments. 
Whether the vitality of the animals was impaired by the great amount of volcanic 
ash which fell into the Gulf of Naples this spring, and from which animals un- 
doubtedly were suffering, or whether other methods must be employed, cannot be 
stated at this time. 

' Van't Hoff : Vorlesungen iiber Iheoretische und physikalische Chemie, 1898, 
i, p. 224. 
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These authors published very complete tables of their results, show- 
ing the various temperatures and corresponding rates of heart beat. 
They experimented for the most part upon the isolated hearts of 
dogs and cats. From their results the temperature coefficients for 
rates 10°, or nearly 10°, apart have been calculated. In cases where 
only rates at less than 10° apart are recorded the coefiicient is 
determined by interpolation. 

From Martin's first experiments on dogs' we have the following: 

Experiment I. — Temperatures 37-8'', 27.8", and 40.5°, 30.5° ; quotients, 3.3 
and 3.0. 

Experiment 2. — I'emperatures 38.5°, 28.5°, and 42.5', 32.5° ; quotients, 3.S 
and 1.8. 

Experiment S — Temperatures 39.3°, 29-1', 40.0, 30.0" ; 38.5°, 28.9° ; quo- 
tients, 2.3, %\, 2.3. 

Experiments 4. 5, and 6. — Temperatures 30.5°, 39-6" ; 36-4°, 4o-4''i 37>5V 
33-5°. 30-5° ; quotients, 2.3, 2.7, 3.1, and 3.3. 

Martin and Applegarth later on experimented upon " the tem- 
perature limits of the vitality" of cat hearts, the hearts being com- 
pletely isolated from the body. From their tables of observations * 
we have the following coefficients: 

Experiment I. — Temperatures 34", 14° ; 33.7'', 23.5° ; 32.7°, 22.3° ; quotients, 
3, 35, 3.1. , 

Experiments I and 2. — Temperatures 35.3", 25.7"; 36-7*, 26.7°; 38-5°, 
28.5"; 40.0°, 29.9°; quotients, 2.5, 2.3, 1.9, 1.3. 

Langendorflf* succeeded in maintaining the rhythm of the isolated 
hearts of cats at widely different temperatures, the lowest being 
about 7°, the highest about 46° C. The records of 15 hearts are 
tabulated. From these tables the writer determined the average rate 
for each degree of temperature. Coefficients for the rates 10" apart 
were calculated. These are set down in the right-hand column of 
the following table: 

' Martin, H. N.: Philosophical transactions, 1883, cUxiv, pp. 679-685. 
» The Fast three temperatures and their corresponding coefficients, 3.1 and 3.3, 
are taken from observations during the first half'hour only. 

• Martin and Applegarth: Studies from the Biolc^cal Laboratory, Johns 
Hopkins University, 1890, iv, pp. 282 if. 

* Langendorpf,0. : Archiv fur die gesammte Physiologic, 1897, Ixvi, p. 355. 



..Google 



356 



Charles D. Snyder. 



TABLE ri. 

Table of average rj 

(after Langendorff ), logelher with the quotients o£ the - 



Temper- 
ature, C. 


Rale of 

beat per 
minute. 


Quotient. 


Temper. 


Rale of 
beat per 
minute. 


Quotient. 


10 


10 


}i = 5.4 


31 


116 


V/ = 2-4 


14 


15 


ti = 4.4 


32 


134 


W = 2.0 


IS 


21 


if = 4.0 


33 


166 


W = 2-9 


16 


26 


|i = 3.7 


34 


183 


W=2.7 


17 


37 


W = 2.8 


35 


195 


W = 2J 


IS 


38 


H = 2.* 


36 


ITS ■ 


W = l-8 


19 


43 


W = 25 


37 


226 


m = 2.i 


20 


54 


W = 2.1 


38 


214 


Hi = ^A 


Zl 


4S 


V^ = 2.4 


39 


214 


Hi = 1-8 


22 


65 


W = 2^ 


40 


1S61 


m=i^' 


23 


57 


ijJV = 2.9 


41 


215 


m=i-s 


24 


67 


W = 2-7 


42 


229 


m = 17 


25 


85 


W = Z-3 


43 


229 


m = ij 


26 


97 


U = 3.7 


+4 


226 


m = 12 


27 


105 


W = 2.8 


45 


258 


m=i-3 


28 


93 


H = 2.4 


46 


249 


m = 14 


29 


122 


W = 2.8 


47 


245 


Hi = 10 


30 


116 


W = 2-l 








1 One observation c 
already been subjected 
»igna of exhaustion. 


nly at this temperature (40«). 
twice lo very low temperatur 


nd this on a heart which had 
s; the heart already showed 



The temperature coefficients in the above tables deserve special 
examination. Neither Martin nor Langendorff, when they performed 
their experiments, had any idea of comparing their results with 
temperature velocity of chemical reactions. Indeed, the formula for 
such a reaction velocity was then not yet determined. The methods 
of work and the accuracy of observation of these investigators, how- 
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ever, are models of thoroughness and excellence. Their data are 
abundant and conclusive. We need only apply our new knowledge 
to this body of facts to answer the question, — to what extent, when 
influenced by temperature, docs the velocity of the heart rate of the 
mammal correspond to that of a chemical reaction velocity? 

Let us remember that the chemical velocity constant not only 
varies generally between 2 and 3 for 10' difference of temperature, 
but that occasionally it may even be slightly less than 2 and con- 
siderably more than 3. In our tables we notice that the constant 
(coefficient) for the middle ranges of temperature is, with two 
exceptions, between 2 and 3, and that those numbers which are 
more or less than 2 or 3 are for the extreme temperatures. 

It is worth while noting here, also, that the higher constants, for the 
most part, are for the low temperatures and that the lower constants are 
for the high temperatures. It will be remembered that this was also 
the case, not only with my P. terrapin hearts,^ but also with the Maia 
verrucosa hearts, as shown on page 353 of this paper. Jost's results' 
show that this same variation of the constant obtains also in plants. 

A paper recently published by Langendorff and Lehman * contains 
a table of the rates of heart beats of the rabbit at temperatures 
between 37° and 48° C. The hearts were isolated from the, body and 
the sinus removed. They were fed - with physiological salt solution. 
The table was given to show that removal of the sinus docs not 
atfect the influence of temperature upon the rate of heart beat. The 
quotients are calculated from the rates of temperatures farthest apart. 
The calculation for quotients corresponding to temperatures fully 

itf apart is in each case done by interpolation. They are: 
2-3 2-4 30 2-S a-5 2-3 

^For practical reasons it would be of special interest at this point 
to know the temperature coefficient of the human heart. 

From Liebermeister's * table of fever temperatures, which was 
compiled from more than 4000 observations on 280 different patients, 

we get the following coefficients, when calculating for differences of 

10° from the data at hand : 

3-0 3-7 45 4-5 3-5 

* Loc. cil., p. 146. 

* JOST : Biologisches Centralblatt, 1906, Mvi, p. 333. 

' Lanobndorff and Lehman: Archiv fiir die gesammte Physiologie, 1906, 
cxil, p. 352. 

* Quoted from Langendorfk, loc. cil., p. 393. 
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These constants are remarkably high, and stand in curious contrast 
to those obtained at tbe higher temperatures of isolated mammalian 
and terrapin hearts. The data, being froiB pathological cases, may 
have some special significance. 

Davy' recorded the temperature and pulse rate of his own body 
about three times per day for a period of eight consecutive months. 
These observations do not include those made " under the influence 
of accidental disturbing circumstances, as active exercise, etc.," and 
so may be considered as the record of the heart rate and tempera- 
ture of the body as nearly normal as it is possible to obtain. This 
mass of data is of special significance at this point in contrast 
to that of Liebermeister's. \t gives us the data of one individual in 
normal health for a prolonged period of time. Davy made 5O2 
separate observations in this series. When tbe total averages of 
temperatures and pulse rates are determined for morning, noon, and 
night, and their corresponding coefficients are calculated, we find 
tbem to be as follows : 

Temperatures . . ■ 36.62' 36-94'' Vl-^l" 

Pulse rates .... 54.68 55.2 57.3 

Coefficients .... 2.3 3.1 2.3 

These temperature coefficients of the heart rate can no longer be 
looked upon as mere coincidence; for it has now been shown that 
they approach tbe same constant, not only in two important inver- 
tebrate groups, Crustacea and mollusca, but also in reptilia and 
mammalia, including man himself. 

From these results we need no longer va.^uely say that within 
certain limits an increase of temperature increases, and a decrease 
of temperature diminishes, the heart rate. But rather may we 
boldly say that a change of temperature influences the rate of heart 
beat at a mathematical velocity ; that this velocity is the same as 
that for known chemical reactions as influenced by temperature, and 
is expressed by the form ula of Arrbenius : * 

log A = — ^ -f- constant, 

in which ^ is a constant, and K is the velocity (rate) of heart beat 
at any absolute temperature, T, which falls within the limits indicated 
by experiment. 

' Davy, John: Philosophical Transactions "of the Royal Society, Londoa, 
184s, p. 319- 

* Arbhbkius : Zeilschrift fiir physikalische Chemie, 1899, iv, p. 226. 
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Theoretical Considerations. 

A fact so far-reaching as this demands further consideration; for 
it must sooner or later throw light on the nature of the heart rhythm 
itself. 

It is most probable that this identity, which we have shown to 
exist between the temperature coefficients of a chemical reaction 
and of the heart rate, is due to the fact, as has often been suggested,' 
that chemical reaction is profoundly involved in the production of 
the intrinsic cardiac stimulus, or in the production of both the in- 
trinsic cardiac stimulus and the cardiac contraction. 

If constantly repeated chemical reaction causes each contraction 
of the heart muscles, at what point in the cardiac cycle does the 
reaction begin, during what phase is it in progress, and at what 
point of the cycle does it end ? For the reaction is, most probably, 
a rhythmical process which exhausts itself or comes to an end point 
once during each heart beat. 

For a partial answer to this question we again need only turn to 
the great body of experimentation which has already been done upon 
the heart. Burdon-Sanderson ' showed that an increase of tempera- 
ture diminished, and a decrease of temperature increased, the refrac- 
tory period of the frog's heart. Inspection of the results of this 
experiment reveals at once the remarkable fact that the velocity of 
this increase, or decrease, of "diminished excitability" varies with 
the velocity of a chemical reaction similarly influenced by tempera- 
ture. In the following table are shown the temperature coefficients 
which correspond to the various temperatures and periods of "dimin- 
ished excitability " of the experiment : 

Temper- Time al " diminished Temperature co- 

atare. excitability." efiidenis for 10°. 

la" C a.o" 1.8 



37 0.8 3.0 

' For literature and discuwion of tliis subjfct, see Howell, W. H. ; This jour- 
nal, 1898, ii, p. 47; also Langkndohkf, O. : Ergehnisse der Pliysiologie, 1905, iv, 
pp. 764 ff. ; F.NGBLMANK, Ueher den Ursprung der MuskeJkrafl, Leipzig, 1893. 

' Bl'kdon'-Sandbkson : Journal of physiology, 1S80, ii, p- 384. 
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From this tabic of coefficients it would appear that the chemical 
reaction which has to do with the preparation of the heart for the 
next contraction is already under way during systole. 

We are now in a position to explain more fully than has yet been 
done the rhythmical nature of the heart-beat and also its refractory 
period. 

Let us assume (i) that the excitability of the heart tissues depends 
upon a certain relation of chemical substances; (2) that this relation 
is brought about by a chemical reaction, or reactions, approaching 
a state of equilibrium ; (3) that the cardiac contraction is caused by 
(directly or indirectlyX and begins with, the end point of this reaction. 

The mechanical act of this contraction itself, however, displaces 
and removes the end products of the reaction, and thus disturbs the 
equilibrium. During the systole, therefore, the same chemical 
reaction, just completed, is started up again. But it does not advance 
far enough during this phase of the cardiac cycle to produce the 
state of excitability in the tissues necessary for another contraction. 
On the other hand, during diastole the reaction has greatly advanced 
and rapidly approaches an end point (equilibrium) which leads up to, 
and causes, the next systolic movement. 

If this assumption be correct in fact (as the burden of this paper 
would indicate it is), then an increase of temperature ought to hasten 
the chemical reaction, and bring the system the sooner into equi- 
librium; therefore the heart tissues the sooner into a state of 
excitability, and, finally, into systole. A decrease of temperature, 
contrary- wise, ought to delay the chemical reaction, thus prolonging 
the state of inexcitability and retarding the systole. The final and 
general effect would be an increase and decrease of heart rate, and 
an increase and decrease of the length of the refractory period, with 
increase and decrease of temperature, — and this at a velocity 
identical with that of a chemical reaction velocity. 

There is still one other phenomenon which may be considered 
here, namely, the latent period which follows an electrical stimulation 
of the heart. 

The later an electric shock is applied to the heart during diastole, 
the shorter are both the latent period which precedes the contraction 
and also the compensatory period which follows it. This fact agrees 
fully with our hypothesis. In the first place we have no reason 
to believe that an electrical stimulus, such as is sent into the heart, 
would hasten, or afTect appreciably, the chemical reaction which we 
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have supposed leads up to the heart systole. On the other hand the 
electrical stimulus may do for the heart tissues just what the end 
point of the chemical reaction (possibly through its newly acquired 
physical properties) does for the heart automatically, namely, produce 
the stimulus to contraction. The great length of the latent period 
in the early stages of diastole suggests that the chemical reaction 
has not proceeded far enough for any sort of stimulus to bring about 
a contraction. The fact, however, that a contraction can be pro- 
duced by artificial stimulus, considerably before the normal period, 
suggests that the chemical preparation of materials under normal 
conditions is nearly complete some appreciable time before, let us 
say, the new physical properties, which it brings about, result in 
automatic stimulation. 

New and additional experiments are being carried out to test 
further the validity of the views expressed in this paper; also to 
determine, if possible, what substances are involved in the chemical 
reaction, or reactions, which we have supposed underlie the rhyth- 
micity of the heart. 

The writer wishes here to express bis heartiest thanks to the 
leader and staff of assistants of this institution for the many courte- 
sies they have shown him, and the assistance they have rendered in 
the prosecution of this work. 
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METABOLISM EXPERIMENTS UPON A WOMAN WITH 
A PERMANENT BILIARY FISTULA. 

By PHILIP SHAFFER. 

[Frem ikt Defiarlintnl ef Exptrimtntal PathidBgy, Loomis Laboratory, Camell Unh/rrsity 
MtdUsU Cellfgt, New yeri.] 

Introduction. 

PRACTICALLY all of the positive knowledge we have of the 
physiological function of the bile is based upon the observation 
that fats are poorly absorbed from the intestine in the absence of bile. 
Aside from this undisputed fact we know little of the part which bile 
plays in the complex process of metabolism. The opportunity being 
presented for conducting such exp>eriments upon a patient with a 
permanent biliary fistula, it seemed desirable to determine, first, 
whether a person with a permanent biliary fistula and consequently 
having little or no bile in the intestine, although otherwise in fairly 
good health, exhibited a metabolism in any respect different from the 
normal, and, secondly, if such a difference existed, whether a return 
to the normal could be accomplished by different forms of bile 
medication. 

The greater part of the time spent in this investigation has been 
used in the study of the urine in the belief that any abnormality of 
metabolism caused by the absence of bile from the intestine would 
be thus detected. 

The subject of this experiment is a woman with a permanent 
biliary fistula. Dr. M. Belle Brown, to whom I am indebted for the 
opportunity of studying the case, kindly gives me the following 
history. 

Mrs. C. B. D., age 61. — The patient was of robust physique and unusually 
good health until the winter and spring of 1894, when she had almost 
daily attacks of severe pain in the hypogastric region. The condition was 
diagnosed as flatulent dyspepsia. In May, 1S94, a warm bath was followed 
by a chill and high temperature and pain in the region of the gall bladder. 
362 
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In three days intense jaundice appeared. Physical examination revealed 
an enlarged liver extending about two inches below the ribs. Stools were 
" clay colored " and the urine about the color of port wine. The chills with 
the accompanying fever continued from May to October. In the fall the 
temperature was normal, but the stools were light colored and the urine 
quite dark. Some icterus persisted, with general pruritis. The condition 
lasted for ten years, during which the patient had frequent attacks of pain 
and gastric disturbances. Her net weight fell from 160 to 1 10 pounds. 

On Feb. za, 1905, the patient was operated upon for gall stones. The 
gall bladder was found one-third smaller than normal, and closely ad- 
herent to a mass of inspissated bile, of the size of an English walnut. The 
gall bladder was opened and a drainage tube inserted. The common bile 
duct was not opened ; no stones were felt in iL Following the operation 
the jaundice disappeared to some extent, but the stools remained very light 
and the urine very dark. The drainage tube was left for six weeks, during 
which time the largest amount of bile passed in twenty-four hours was 4 
ounces. On the removal of the lube the fistula closed in a few days, and 
almost immediately the symptoms of skin irritation and increased jaundice 
returned. 

Three months after the first operation a second was performed. The 
gall bladder was opened and stitched forward, and the common duct 
opened. A sound was passed into both hepatic ducts, and blades of 
long dressing forceps were passed through the common duct into the 
duodenum. No stones or other obstructions were found. A drainage 
tube was placed in the fundus of the gall bladder, and another in the 
common duct. Bile flowed freely from the tube draining the common 
duct, one and one-half to two pints being passed daily. The irritation of 
the skin disappeared, and the urine became lighter in color. The stools 
remained light in color, and probably all the bile passed through the drain- 
age tube. After six weeks the fistula from the common duct healed, forcing 
the tube out The bile began at once to flow from the tube draining the 
gall bladder, and still continues to do so. Recovery from the operation 
was uneventful. 

During the first six months after the second operation there was some 
diarrhcea, — 8 to lo movements in twenty-four hours. The stools were 
soft and of very offensive odor. The use of ichthoform after meals, as well 
as desiccated os-bile, gave some improvement. Improvement in this re- 
spect was also noted after the injection through the drainage tube of large 
quantities of the patient's bile. A No. 43 piston syringe was used, and 
from 10 to 16 ounces of bile and other liquids were occasionally injected 
at one time. Only slight pressure was necessary. 

At the present, more than one year after the second operation, the 
patient has no itching of the skin, eats and sleeps well, and otherwise 
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enjoys life. Very nearly if not quite all or the bile flows throu^ the tube 
into a rubber bag which the patient weais. 

This case had been diagnosed as cancer of the liver, catarrhal jaundice, 
and gall stones. The diagnosis at present accepted by the patient's physi- 
cian is that the cicatricial tissue of an old duodenal ulcer is contractive at 
the orifice of the common duct. The patient had an attack of dysentery 
previous to her illness in 1894, at which time the ulceration perhaps 
occurred. 

When the patient came under the writer's observation on October 15, 
1905, she was apparently in faitly good health. Although considerably 
undernourished as a result of her long illness, she was gaining in weight, 
had a good appetite, slept well, and complained of no unusual symptoms 
except occasional attacks of diarrhoea. 

Just what the anatomical condition of the bile ducts is in this case can 
only be surmised. As stated above, no obstruction of any of the ducts 
was found at the operation, in spite of careful search. But that there is 
some obstruction is certain, because when the fistula closed following the 
first operation the jaundice reapp>eared, and because when the permanent 
fistula has been artificially closed the jaundice has again appeared only 
to quickly disappear on opening the fistula and allowing the bile to escape 
in that way. On the other hand, the ducts are not completely occluded) 
because large quantities of bile or other fluids have been repeatedly and 
rapidly injected through the fistula. As much as 400 c.c. of bile has been 
injected in this way at one time, and it is impossible to believe that it does 
not ultimately flow, in great part at least, into the duodenum. Furthermore, 
following the injection of bile through the fistula, as well as following the 
plugging of the fistula, hydrobilirubin appears in considerable quantities in 
the ^eces. At the close of our experiments we proved the patency of the 
common duct in still another way. A diluted suspension of India ink was 
injected through the fistula, and in about fifteen hours the India ink ap- 
peared in the faeces. We know, therefore, that there is a canal leading 
from the gall bladder into the intestine, and that the bile under certain cir- 
cumstances flows through this canal. However, so long as the fistula is not 
closed, only a very small part of the btle reaches the intestine, for the fkces 
showed under this condition only the slightest trace of hydrobilirubin, which 
could be detected only with some precaution, to be mentioned later. 

We at first hoped to be able to conduct experiments on our patient in 
the same manner as did Schiff ' on his dogs, with amphibolic fistulae ; but 
unfortunately, when the canal in the fistula was plugged, the patient after 
about twelve hours began to complain of a return of the itching, etc., and 
a little later a slight coloring of the conjunctivas was noticed, and it became 

• Schiff: Archiv fur die gesammte Physiologic, 1870, cxi, pp. 598-613. 



,v Google 



Metabolism in a Woman with Biliary Fistula. 365 

necessary to open the tube after it had been closed for about forty hours. 
During this time a large amount of bile found its way into the intestine, as 
shown by a strong reaction for hydrobilirubin in the faces for the two or 
three days following. Although the bile flowed into the intestine, jaundice 
began to appear. The reason for this is probably that the pressure neces- 
sary to overcome the obstruction of the common duct was so great as to 
cause a rapid reabsorption of a part of the bile through the radicles of the 
biliary ducts. 

While we were unable to force the bile into the duodenum by merely 
closing the fistula, we have on a number of occasions, as stated above- 
injected the bile through the fistula in large quantities. The occasional 
injection of bile through the fistula is obviously not so satisfactory a pro- 
cedure as would have been the mere closing of (he fistula, in which case 
the bile flows into the intestine at the normal rate of speed. However, the 
latter ideal condition was impossible, and we were compelled to be con- 
tent with the less satisfactory procedure of injecting the patient's own bile 
througii the fistula. 

Methods. 
The analytical methods used for the urine are as follows: 
Kjeldahl method for total nitrogen ; Folin method for urea,' kreatinin, and 
kreatin ; * Bo ussingau It-Shaffer method for ammonia ; ' Foltn-ShafTer method 
for uric acid ; * Folin's new methods for inorganic, ethereal, and neutral 
sulphur;^ phosphates were titrated by standard uranium acetate, with 
powdered potassium ferrocyanide as indicator ; indican was determined 
by the crude but simple method described by Folin." 

No discussion of these methods is necessary. All have proved 
satisfactory. Paton ' has recently recorded an objection to Folin's 
urea method, — the difficulty of knowing when the urea is completely 
decomposed. I have not experienced this difficulty. The method 
demands considerable care and attention, but if the melted magnesium 
chloride is Wept hot (155° C.) for one full hour and one-half from the 
time the " popping" becomes strong, all of the urea (as much as is 

■ Folin : Zeiisdirifc fiir physiologiscKe Chemie, 1903, xxxvii, p. 548. 
'' Folin : /*/</., 1904, xli, p. 223, 

• Shaffer : This journal, r903, viii, p. 331, 

* Folin and Shaffeh : Zeiischrift fiir physiologische Chemie, 1901, xxxii, 

p. SS2. 

' Folin : Journal of biological chemistry, igo6, i, p. 131. 

' Folin : This journal, 1905, xiii, p. 53. 

' Paton: Journal of physiolf^y, 1906, xxxiii, p, i. 
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the equivalent of 60 c.c, -]"j) is invariably decomposed. Low results 

are usually obtained if the temperature is not maintained for the time 

stated. 

The fsces were dried on the water bath with the occasional addition of methyl 
alcohol containing i per cent hydrochloric acid, and finally in an air bath 
at loo'-iio" C. The total fat content was determined by extraction with 
ether for about twenty hours, as described by Schmidt and S trass burger.' 
Total nitrogen was determined in the dried feces by the Kjeldahl method. 
Hydrobilirubin was tested for either in the fresh or dried faces as follows : 
3 to 5 gra, of the dried fseces, or 10 to 15 gm. of the fresh faeces, were 
boiled on the water bath with about 25 c.c. alcohol containing 3 per 
cent sulphuric acid. Without filtering, amnioniacal alcohol was added to 
alkaline reaction, and then a few drops of a zinc chloride solution. This 
was filtered into a dry test tube. When hydrobilirubin was present the 
clear solution showed the green fluorescence. It is important to have a clear 
solution, otherwise when only traces are present the fluorescence may be 
masked by the turbidity or precipitate. 

In order to judge whether the metabolism in different pathological 
conditions is abnormal, it will usually if not always be necessary to 
have a standard of normal metabolism for comparison. The impor- 
tance of this fact follows logically from the work of Folin on normal 
metabolism. The results of Folin ^ furnish perhaps the most accurate 
knowledge we have of the approximately complete composition of 
normal urine on different standard diets. More data from normal 
individuals on various diets is highly desirable for the construction 
of representative standards for the composition of normal urines, but 
antil we have such representative standards, we cannot do better than 
use the standards of Folin. I have therefore placed at the bottom 
of the first two tables of this paper the averages of FoHn's normal 
results on his high proteid liquid food and on his low proteid starch- 
cream diet. 

Three diets were used in my experiments in the following order. 
The first, which was continued for seven days, was a high proteid 
non-purin diet containing about 21 gm. of nitrogen, and which, 
though not exactly the same, is quite comparable to Folin's high 
proteid liquid food. The second diet, which followed immediately 
after the first for a period of seven days, was a low proteid diet of 

' Schmidt and Strassburger : Die Faeces des Mensclien, Berlin, 1905, 
p. isi. 

' FOLtN : This journal, 190;, xiii, pp. 45, 66. 
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rice, butter, rich creatn, sugar and salt, with about 200 gm. potato. 
The last diet, used for a fifteen-day period was a mixed though fairly 
constant diet containing some purins and 10-11 gm. of nitrogen. 



Ti dozen eggs 
First experiment (Table I) -^3 pints skimmed milk 
ISugar and salt 

{200 gm. grain rice (boiled) 
100 gm. butter 
150 gm. sugar 
150 c.c cream (15% fat) 
200 gm. potatoes (boiled or baked) 

^Mixed diet of fish, beef, lamb, potatoes, 
oatmeal, rolls, butter, sugar, salt, rich 
Third experiment (Table III) \ cream. Patient ate as nearly as possi- 
ble the same amount of food each day. 
This was not strictly constant, however. 

The analytical results of these experiments will be found in Tables 
I, II, and III.i 

' Some brief explanation seems desirable of the manner in which the analytical 
results of these experlnneots are here expressed. Instead of writing so many 
grams of urea, kreatinin, etc., as is at present customary, I have chosen to state 
in the tables only the amount of Dilrogen represented by the several nitrogenous 
substances. Total sulphur, inorganic sulphates, ethereal sulphates, and neutral 
sulphur are expressed only in grams of sulphur ; phosphates and chlorides are 
expressed in grams of phosphorus and chlorine respectively. The above ap- 
pears to me to be the most rational and consistent plan of presenting the results 
of metabolism experiments or even of isolated urine analyse.i. 

The advantages gained from such a plan are brevity, clearness, and convenience. 
Both on account of the difficulty in examining tables containing many columns o 
closely printed figures, and on account of the considerable cost to journals of print- 
ing large tables, it is desirable that we omit from our tables all unnecessary figures. 
The absolute amounts of the nitrogenous substances, urea, etc., are unnecessary, 
because they can be quickly calculated by multiplying the amount of nitrogen 
(urea-nitrogen, for instance) by the proper factor (2.14 tor urea). For the con- 
venience of the reader, such factors are given below. The tables will be found, I 
think, less confusing on account of the fewer figures. The convenience is found 
in the original calculation of results, and in the ease with which one can see the 
distribution of the total nitrogen among the various nitrogenous constituents. For 
sulphates, phosphates, and chlorides I have merely adopted the custom growing in 
analytical chemistry, of slating the results as here given, instead of using the rather 



,v Google 



368 







PAi/^ Shaffer 












1 


Bile absent 
from intesiine. 
Bile injeclinn. 

BUe absent 
from intestine. 

Bile absent 
from intestine. 


1 

i 

« 


2 
S 
2 

3 
3 

S 
s 

1 

< 


1 

i 
1 

% 


3 

§ 

d 
1 

s 


1 


2 

S 

3 

i 
1 

< 


1 

o 
1 

£ 


II 


}s s s s s 


ii 


|s S § S 5 


4 


[s 5 ::; 2 2 


1 

< 


(•§.;; S 5 2 


5 


je^ fl. « o. o. 

JS S £3 S3 S 


3 

1 

S 

o 


*4 


il 1 S i 3 


11 


53 S 3 3 3 


1 


iS S3 a js s 

*o d o <s d 


<e 


43 S S 5S 




iS S 1 5 i 


Hi 


iS 3 s i i 


II 


si s g 1 1 




IS ss s s a 



..Google 



Metabolism in a Woman with Biliary Fistula. 369 



5 3 



1 


if 


II 
'llll 


f 
1 
s" 
S 

X 

S 

< 

X 


3 
3 

3 
3 


1 
s 

1 

5 




2 

3 

3 
1 

s 


1 

3 

2 




t 

-a 

2 

■s 

1 

1 


1 


is : 


5 1 J 


53 


1 


U . 
I' - 


3 S I 


S 1 


s. 

1 

1 


jS s 


1^3 


§ 1 


H 


is s 


3 3 3 


'if 


H 


*i 1 


l33 


1 1 


1^ 
It 


sil 


gas 


s a 


% 


s| 2 


s ? " 


2 ! 


n 


i! S 


a ? S 




g 




S 






1 


S 8 


8 s s 




S 




8 




g 


1 


la iS 


S S !S 




< 




< 




< 



..Google 



Philip Shaffer 



I .-8 S 2 S S 2 S 

; ^= - - " ■- - - 



..Google 



Metabolism in a Woman with Biliary Fistula. 371 



^1 

■5 Q 



1 


1 1 1 

^i Hill ill 


i 

z 
a 

X 

s 

1 
< 

3 


1 

s 

a 
3 

i 

s 

5 


1 

i 


■< 


z 

2 


a 
1 

i 

3 
< 


1 
1 

1 


1 
1 


1 

s 


fa 


t. a; e> q M « 

S 2 S B a s 


1 


!^ 


3 s i S 3 S 


I 


!^ 


llllll 


II 


*3 


1 1 1 1 1 i 


It 


>i 


iiiiSi 


It 


s| 


s 2 3 1 i g 


If 


>i 


¥ R S S S S 

d d (i tf 


?i! 


*s 


Si II 13 


1 


s| 


!§§»"§ 


Q 


SS 


s|- - " ' - 



..Google 



Philip Shaffer. 



■lapufi i-dti 



■pp« i « 

3un ^« 



■uijisjji JSglS — — dS^ — _; — -- 






l"2 = 



'!'fl "tf tf dooooodooo dd 



"cidodoodooood od 



iSS?S!3SS583S52 SS 



!a 1 

— 1 i !■ 

a I i 



!S| 



liaSSIISsliSJii 



isassgsaassssssas 



^i! 



..Google 



Metabolism in a IVoman with Biliary Fistula. 373 



1 

1 


Ik 


II 


S 

3 




3 






% 

% 

2 

1 
I 


1 
1 


|iSSS3S|asilS 


13 


8 
1 
S 

3 

1 
i 


3 
£ 

d 

s 

< 


1 

s 


§ 

s 

! 


1 

s 
S 

2 
1 

1 
5 


1 

3 
3 
1 
1 

1 

« 

< 


■3 


|B=S23S23S3a2 


sS 


1 




§3 


1 

r 


8<i=;dc>cidd33<»<S<5 


33 


2 


aiisiiSisiSil 


53 


■i 

'if 


iiisiiiiiigii 


SSI 

ad 


igisiiiilsiii 


ii 


% 


"dosioooooocjcjc; 


il 


1 


S8SKS8gss:8g8SS8 


1 


I'SEsssaaasasaaas 



..Google 



374 Philip Shaffer. 

As stated in the tables, varying amounts of bile were injected 
through the fistula on two days during each period. This was done 
in order to determine what effect the presence of bile in the intes- 
tines would have on the general metabolism as indicated by the com- 
position of the urine. The days on each diet when no bile was 
injected were intended, first, to show any deviation from the normal 
metabolism which might be referable to the absence of bile from 
the intestine, and the consequent lack of its reabsorption and of the 
other processes which may be involved ; and, second, to serve as 
control for the periods of bile injection. 

The urine constituents which are of interest in this case are 
neutral sulphur, ethereal sulphur and indican, total nitrogen, urea 
and ammonia, and kreatinin. 



Neutral Sulphur. 

The belief appears to be generally held that the neutral sulphur of 
the urine is to a considerable extent derived from the taurin of the 
bile.^ This is based upon the experiments of Kunkel,' who found 
a lowered excretion of neutral sulphur in dogs when bile was diverted 
from the intestine; and upon the experiments of Salkowski,' which 
showed that after taurin ingestion by man and dogs, it was to a great 
extent excreted in the urine unchanged, or as taurocarbominic acid, 
thus increasing the amount of neutral sulphur. If the above belief is 
correct, wc should expect that the neutral sulphur excreted by a 

inconsistent and antiquated SO, and PjOj, or HjSO,, HCl, or NaCl. The only 
objection to the plan of presenting results here used is that it differs in some par- 
ticulars from Chat used in past papers on metabolism, both in America and abroad, 
and therefore may cause some temporary difficulty in the comparison of results of 
different authors. But this difficulty will at worst be no greater than is now usually 
encountered when one attempts to compare different results; and obviously, should 
this or a similar plan of presenting results of mEtabolism experiments be generally 
adopted, the difficulty would soon disappear or be reduced to a minimum. 

Several investigators active in metabolism have agreed with the writer to present 
their results according to the above suggestions, and it Is hoped that still other 
workers in this line will decide to do so. 

Urea factor = z.i4S Kreatinin factors 3.69; 

Ammonia factor = [.Z14 Uric acid factor = 3.00 

1 Hopkins : Schakfer's Text-book of physiology, i, p. 63Z. 

' KuNKEL ; Archiv fiir die ^esammte Physlologie, 1877, xiv, p, 344. 

■ Salkowski; Virchow's Archiv fiir pathologische Anatomic, 1873, Iviii, p. 460, 
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patient with a permanent biliary fistula would be low, since no bile 
containing taurocholic acid would be present in the intestine to be 
there reabsorbed. Furthermore, if this belief is correct, we should 
expect the neutral sulphur excretion in such a patient to be increased 
following the injection of bile into the intestine, or ox bile medication. 
Regarding these points let us inspect the results in the tables, paying 
especial attention to the averages representing the several periods. 
Two rather surprising facts are apparent: first, in Tables I and II, 
from the high proteid and low proteid diets respectively, the neutral 
sulphur excretion without bile in the intestine is decidedly just as 
high as Folin's published results from the normal. Folin's average 
is r.32 gm. total sulphur with 0.07 gm, neutral sulphur; the neutral 
sulphur is thus 5.1 per cent of the total. The average excretion of 
my patient on practically the same diet, without bile in the intes- 
tines is 1.29 gm. total sulphur and 0.12 gm. neutral sulphur, the 
latter being 9,3 per cent of the total. On this high proteid diet the 
excretion of neutral sulphur, while the influence of bile was excluded, 
was even higher than Folin's average, though it is not abnormally 
high. On comparison with Folin's average for the normal given 
above, I at first concluded that the neutral sulphur excretion from 
this case was abnormally high. However, in a personal letter from 
Dr. Folin regarding his sulphur results on the high proteid diet, he 
makes the following statement, which with his permission I take 
pleasure in quoting: 

" Renewed investigations of the sulphur metabolism, by the help of the im- 
proved analytical technique, have shown that the absolute amount of neutral sul- 
phur eliminated is, after all, to some extent dependent on the sulphur of the food. 
The variations in the neutral sulphur elimination on nitrogen rich and nitrogen 
free diets are nearly if not quite as great as the corresponding variations in the 
elimination of uric acid. Even when I wrote my paper on the laws governing 
the composition of urine, it seemed to me rather remarkable, not to say sus- 
picious, that such a miscellaneous group of substances as the neutral sulphur 
must be supposed to represent should exhibit such a constancy. With the tech- 
nique then in use I was, however, unable to show that the neutral sulphur of 
the urine was to any extent immediately derived from the sulphur of the 
food." 

In view of Folin's recent results I have used his corrected average ' 
for comparison with the figures from this patient while on the high 
proteid diet, and with his corrected averages my results agree. 
' Given in parenthesis in Table I, p. 169. 
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On the low proteid diet, without bile in the gut, the neutral sulphur 
also agrees well with Folio's average. The absolute amount ot neu- 
tral sulphur is practically the same as Folin's average, and the dif- 
ference between the neutral sulphur percentages is well within the 
normal variation. 

For the mixed diet (Table III) I have no norma! standard for 
comparison, but the neutral sulphur is perhaps high even when bile 
was absent from the intestine.* In these experiments, therefore, we 
certainly find no indication of a lowered excretion of neutral sulphur 
when bile is diverted from the intestine. 

The question whether the neutral sulphur excretion is increased 
when bile is again introduced into the intestine is likewise answered 
by these experiments, in the negative. The amount of bile injected 
during the first experiment (lOO c.c.) was too small, and contained 
only 0.023 %'^- sulphur each day. This is perhaps hardly enough to 
make us expect any increase of neutral sulphur in the urine. At 
10 p. M. on November i and 2, 350 c.c. of the patient's bile containing 
6.4 gm. of solids and 0.054 gm. sulphur were injected each day. The 
average neutral sulphur in the urine from these two days is 0.08 gm., 
and the average of the three control days is 0.07 gm. The" increase 
is too slight to justify the conclusion that the bile is responsible. 
During the third experiment at 10 p- h. on November 17, and again 
on the 18th, 350 c.c. bile was again injected. This bile contained 7.1 
gm. solids and 0.057 gm. sulphur. The neutral sulphur on the days 
following this injection is not higher than on the control days, when 
bile was absent from the intestine. The average (0.14 gm.) is even 
lower than the control average (0.16 gm.). 

During November 23, 24, and 25, the patient took by mouth 20 gm. 
of dried ox bile.^ The average neutral sulphur for these days is 0.17 
gm. I consider the slight increase over the control average quite 
incidental. 

It may be possible that the sulphur contained in the ox bile and in 

• On the mixed diet the neutral sulphur is decidedly higher than on either tlie 
high or low proteid diets. To what is this increase due P During the third ex- 
periment the patient walked two miles each day. Is (he increased neutral sulphur 
due to this increased muscular activity, or is it due to some sulphur compounds of 
the meat eaten? H. Benedict (Zeitschrift fur klintsche Medizin, 1S99, xxxvi, 
p. z8i) found that the amount of neutral sulphur was not increased by muscular 
work, or indeed by an increased consumption of body proteid. 

' Unfortunately, an analysis of this bile was not made. Another sample of the 
same brand purchased later contained in 20 gm. 0.246 gm. sulphur. 
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the human bile was not sufficient to cause any great increase in the 
neutral sulphur of the urine, but this is not probable. Had all the sul- 
phur of the injected bile been excreted as neutral sulphur in the urine, 
the latter would have been increased 75 per cent on the low proteid 
diet and about 40 per cent on the mixed diet. On the low proteid 
diet the increase was only 14 per cent, while on the mixed diet there 
was a decrease of neutral sulphur equivalent to I3 per cent. The 
increase following ox bile medication is only 6 per cent. These varia- 
tions are no greater than are encountered in normal subjects. A 
stronger argument that the sulphur of the bile is not the source of 
the neutral sulphur of the urine is, however, our finding that the 
neutral sulphur from this subject is not lower than normal when bile 
is excluded from the intestine and is flowing through the fistula.' 

lean find no ei<idence in these experiments that the sulphur of the bile 
is to any considerable degree the source of the neutral sulphur of the 
urine. 

This conclusion is, of course, quite contradictory to the common 
belief stated above. Kunkel claimed that the excretion of neutral 
sulphur in its relation to total sulphur was decreased in dogs with 
biliary fistula; and further showing his confidence in the dependence 
of the neutral sulphur upon the sulphur of the bile, he claimed that 
the sum of the sulphur of the bile passed through the fistula and the 
remaining neutral sulphur of the urine equalled the amount of neu- 
tral sulphur excreted under normal conditions. In other words, he 
evidently believed that all of the sulphur of the bile regularly appears 
each day as neutral sulphur in the urine. Were this true, we should 
have found the neutral sulphur excretion in this case lower than the 
normal when the bile was flowing through the fistula, and increased 
by the amount of the sulphur contained in the bile, after the injec- 
tion of the patient's own bile back through the fistula. This we did 
not find. 

If after further experiments it should prove to be a fact, as my re- 
sults indicate, that the neutral sulphur of the urine is not, to any con- 
siderable extent, derived from the taurin of the bile, we have yet to 
explain the results recorded in the literature, that the neutral sulphur 
excretion in cases of chronic icterus, and in similar conditions experi- 
mentally produced in animals by ligating the common duct or other- 
wise, are higher than normal. 

^ Spiro (Archiv fiir Physiologle, Leipzig, suppl. Bd., 1880, p. 50) found in the 
urine of dogs with biliary fistula only from jo to 81 per cent of the total sulpliur as 
simple sulphates, even when all bile was absent from the intestine. 
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Fr. Miiller,' in his series of experiments on cases o£ icterus, found 
in a case of cholelithiasis (Experiment 5) on a milk diet containing 
48.85 gm. N in three days, or 16.28 gm. N per day, the following 
amounts of sulphur in the urine : 





Total N 


Total S 


Total 
Sulphates 


Ethereal 
S 


Neutral 

S 


Total for three days . 
Average per day . . 
Per cent of total S 


■ 47-63 
. .5.88 


4.04 
••35 


3-38 
'.13 

83-7 


0.264 
0.088 
6-5 


0.659 
17.0 



The same patient on a meat diet containing an average of 22.5 gm. 

N per day excreted in the urine : 

T- . 1 XT T ^1 c Tolftl Ethereal Neutral 

Total N Totals Sulphates S S 

Total for two days , . 3.07 2.52 0.32 0.55 

Average per day . . 17.18 1.53 1.16 0,16 0.275 

Per cent of total S . . 82.4 10.4. 17.6 

Mtiller's results were expressed as H^SO^. • I have recalculated 
them as sulphur. 

Miiller distinctly states in his paper that the neutral sulphur in 
these cases is not higher than normal, though the correctness of his 
conclusion is open to some doubt. Certainly the neutral sulphur in 
the two cases quoted is decidedly higher than Folin's average from 
normal individuals (0.102 gm.). 

Lupine ^ and his coworkers have also shown, in cases of chronic 
icterus and in dogs with the common bile duct ligated, that the 
neutral sulphur excretion is relatively higher than normal. While 
these results are lacking in a satisfactory basis for comparison with 
the normal, it may fairly be concluded that the neutral sulphur 
excretion in such conditions is high. 

The reason for this high neutral sulphur is perhaps to be found 
in the fact that when the bile passages are occluded, the bile, 
instead of flowing into the intestine or being excreted through a 
fistula, as in the subject of my experiments, was being absorbed from 
the bile passages by the lymph and blood, causing icterus, and thus 
being diverted from the normal circulation of the bile (" Krcislaufe 

' MOli,er : Zeilschrift fur klinische Mediiin, 1887, xii, p, 45, 

' L£pine: Revue de medicine, j83i, pp. 27, 911. Maly's Jahresbericht iiber 

die Fortschritte der Thierchemie, 1882, xi, p. 327. Lupine and Gu^rin : Comptes 

rendus de la socidtd de biologic, xcvii, p. ro74. 
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der Galle"). Benedict' thinks that the high neutral sulphur cannot 
be explained by such direct absorption into the blood, because, he 
says, the absolute amount of neutral sulphur of the urine coming 
from the bile would be the same, whether absorbed from the intestine 
as normally, or absorbed from the bile passages. With this latter 
conclusion it is difficult to agree. 

It seems to me much more reasonable to believe that when the 
bile is diverted from its normal circulation by means of an obstruc- 
tion in the bile passages, and is there directly reabsorbed without 
passing first to the liver, the sulphur compounds of the bile may be 
more or less rapidly excreted from the blood by the kidneys, thus 
causing an increase of the neutral sulphur of the urine ; whereas nor- 
mally the sulphur components of the bile are absorbed from the in- 
testine and go by way of the portal vein direct to the liver, there to 
be retained and again excreted in fresh bile. 

According to this conception the taurin of the bile is not normally 
a source of the neutral sulphur of the urine, but becomes such when 
the bile is under pathological conditions reabsorbed directly into the 
circulation from the bile passages without passing first through the 
liver. 

There are few observations in the literature throwing any light on 
the correctness of this idea. Salkowski,^ on feeding taurin to man 
and dogs, found the greater part excreted in the urine as tauro- 
carbominic acid. This result is not necessarily contradictory to the 
above idea. It is quite conceivable that when a great excess of taurin 
without a corresponding excess of other bile constituents (cholalic 
acid) is absorbed from the gut and carried to the liver, the taurin 
is not converted into taurocholic acid and excreted in the bile, be- 
cause of the lack of the necessary cholalic acid, but is circulated in 
the blood and removed therefrom by the kidneys. This explanation 
was suggested by Salkowski in the paper above cited. 

Bergmann' has recently shown that cystin alone fed to dogs with 
biliary fistulae does not increase the taurin of the bile, but when 
sodium cholate is fed with cystin, the taurin is much increased. 
Whether this result may be applied to man is open to doubt, since, 
according to Loewy and Neuberg,* the sulphur of cystin fed to a 

' Benedict, H. : Zeitschrift fur klinische Medizin, 1898, xxxvi, p. 286. 

' Salkowski : Loc. at. 

' Bergwann: Hofmeister's Beitriige, 1904, iv, p. 192. 

* Loewy and Neiibebg; Zeitschrift fur phjsiotogische Chemie, 1904, xliii, 
P- 342- 
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normal man was excreted in the urine as sulphates and thiosulphatcs; 
but in the absence of further evidence we may accept Bergmann's 
result as supporting Salkowski's suggestion. 



Ethereal Sulphates and Indican. 

The amount of ethereal sulphates and indican excreted by this 
patient is of interest in connection with the supposed preventive 
action of bile on intestinal putrefaction. Whether bile has such an 
action, and the manner of it, has been under dispute. The more 
recent belief appears to be that the presence of bile in the gut re- 
tards putrefaction only indirectly by assisting the absorption of fats 
and thus allowing the digestive juices to come into contact with the 
proteids, and preventing their accumulation in the intestine.^ 

As regards the value of the amount of ethereal sulphates or indican 
as an indication of the degree of intestinal putrefaction, there has 
been much controversy.^ Folin's conclusions,' stated below, seem to 
me correct, and are largely confirmed by some of my own unpublished 
results. 

" (l) The urinary indican is not to any extent a product of the 
general protein metabolism, is therefore probably, as is generally 
supposed, a product of intestinal putrefaction, and may consequently 
be assumed to indicate approximately the degree of putrefaction in 
the intestinal tract. 

" (2) The ethereal sulphates can only in part be due to intestinal 
putrefaction, and neither their absolute nor their relative amount can 
be accepted as an index of the extent to which putrefaction is taking 
place in the intestines." 

On inspecting the results shown in Tables I, II, and III, we find 
that on the high proteid diet and without bile in the intestine, the 
patient excreted an average of o.io gm. sulphur as ethereal sulphates 
as compared with Folin's normal average of 0.09 gm. On the low 
proteid diet there was a decrease to an average of 0.063 g*^- ^^ com- 
pared with Folin's average of 0.036 gm. The slight decrease from 
the amount excreted on the high proteid diet confirms in some 
measure the conclusion of Folin that the ethereal sulphur decreases 
with the total sulphur. The increase over Folin's average on the 

: Physiological chemistry. New York, 1904, p. 339. 
: Ibid., pp. 503, 504. 
' Folin: This journal, 1905, xiii, p. 99. 
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low proteid diet, on the other hand, taken in conjunction with the 
high indican, as compared with Folin's zero, is probably indicative 
of an increased intestinal putrefaction caused by the absence of 
bile. 

What effect did the injection of bile and ox bile medication have 
on the ethereal sulphur and indican ? There appears to have been 
no effect upon the ethereal sulphur. This is certainly true for the 
high proteid and mixed diets (Tables I and III) ; on the low proteid 
diet the conclusion is not so clear. The decrease there noted is 
probably to be ascribed to the normal decrease with the diminulion 
of total sulphur as found by Folin, and not to an effect on the bile 
injection,^ 

Regarding indican, the bile did effect a slight though distinct de- 
crease ; and this decrease is probably to be explained by a diminished 
intestinal putrefaction. As was to have been expected, the indican 
was on the whole quite high, and even following bile injection hardly 
reache<l the normal. 

Total Nitrogen. 

On ihe high proteid diet the patient's absorption of proteids was 
good, shown by the average of the total nitrogen of the urine for 
the last three days of this period, 19.2 gm., which is 92.3 per cent 
of the nitrogen of the food. There is some indication that the ab- 
sorption of proteid was better following bile injection, though I do 
not feel justified in positively concluding from these experiments that 
this is so. The increased amount of nitrogen in the first experiment, 
following bile injection for instance, might well be the result of a slow 
attainment of nitrogen equilibrium. 

Joslin.^ in experiments upon a case very similar to the subject of 
these experiments, found an absorption of 93 per cent of the proteid 
of the food after ox bile medication (30 gm. Fel. taurin in four 
days) as compared with'81 per cent before and 887 percent following 
the bile period. The same patient some months later, after a second 
operation when the bile ducts had been made patent, absorbed 88 
per cent of the proteid in the food. The difference in the absQr^f- 
tion of proteid with and without bile in the intestine was therefore 
very slight. There is no satisfactory evidence that bile is con- 
cerned in the absorption of proteid. 

' Except in so far as the decrease of indican above mentioned was accompanied 
by the decrease of sulphur in the indoxyl-sulphate. 

^ JOSLIN ; Journal of experimental medicine, [901, v, p. $13. 
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Urba and Ammonia. 

Based on his experiments upon normal persons, already frequently 
referred to, Folin has put forward the following "laws": "Urea 
[is] the only nitrogenous substance [of the urine] which suffers a 
relative as well as an absolute diminution in the total protein-metab- 
olism." * Ammonia: "with pronounced diminution in the protein- 
metabolism (as shown by the total nitrogen in the urine), there is 
usually but not always, and therefore not necessarily, a decrease in 
the absolute quantity of ammonia eliminated. A pronounced reduc- 
tion of the total nitrogen is however always accompanied by a relative 
increase of the ammonia nitrogen, provided that the food is not such 
as to yield an alkaline ash."^ 

Both these statements are confirmed by the results in Tables I and 
II; the absolute amount of urea nitrogen and likewise its percentage 
of the total nitrogen are decreased on changing from a high to a low 
proteid diet. The figures for urea compare well on both diets with 
Folin's average. 

Ammonia decreases in absolute amount and its percentage in- 
creases, as Folin found; but on both diets the absolute amount of 
ammonia nitrogen is considerably higher than the normal. On the 
high proteid diet this patient excreted an average of 1.43 gm, and 
1.58 gm. ammonia nitrogen as compared with Folin's 84 gm. On 
the low proteid diet without bile in the intestine, we find 0.87 gm. 
ammonia nitrogen, while Folin's average is 0.38 gm. On the mixed 
diet without bile in the intestine, we find an average of 1.23 gm. 
ammonia nitrt^en. The percentages of the total nitrogen likewise 
show that the ammonia excreted by this case is higher than the nor- 
mal upon the same diets. The reason for this I do not know. It can 
scarcely be ascribed to the condition of acidosis, since no acetone sub- 
stances appeared in the urine. Schilling^ recently confirmed the 
earlier observations that an increased ammonia excretion followed the 
injection of large amounts of fats. And Brugsch ^ has shown that 
acetone substances appeared in the urine of a fasting person who bad 
considerable adipose tissue ; while these substances were not excreted 

• Folin: This journal, 1905, xiii.p. 94. 
= Folin : Loc. cit„ p. 92. 

• Schilling : Archiv fur klinisehe Medizin, 1905, kxxiv, p. 327. 

• Brugsch : Zeitschrift fiir ex peri men telle Pathologie und Thempie, 1905 
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by a lean and emaciated patient who had taken no food for twelve 
days. Brugsch concludes that these substances are excreted only when 
there is a marked consumption of fatty tissue. Neither of these ex- 
planations can properly be applied to this case, because the fats of 
the food were poorly absorbed, and because the patient had only very 
little adipose tissue. 

What effect had bile injection on the ammonia excretion ? 

The result is negative on the high proteid diet, perhaps because 
the amount of bile injected was too small (100 c.c. each day). On 
the low proteid and mixed diets the averages are as follows: 





Total N 


NHg-N 


Bile absent from 
Low proteid diet intestine 


4.88 


0.87 


Bile injection 


4-S9 


0.58 


Bile absent from 

Mixed <ii« '»"='""= 

Bile injection 

Ox bile medication 


9.S» 
11.Z8 
9.48 


i-a3 
1.36 

0.97 



ro.3 

On the low proteid diet, when more bile (350 c.c. each day) was in- 
jected than during the high proteid diet, there is a fairly marked 
decrease of ammonia nitrogen, both absolute and in per cent, of 
the total nitrogen following bile injection. On the mixed diet the 
ammonia nitrogen was not decreased after bile injection, thus throw- 
ing some doubt upon the result with the low proteid diet. After ox 
bile medication, however, there is a decrease of ammonia nitrogen. 
The results are not conclusive on this point. 

Another possible and perhaps probable cause of the high ammonia 
may have been an excessive formation of organic acids. Unfortu- 
nately I did not make separate determinations of the " mineral acidity " 
and the organic acids, and therefore have no data bearing on this 
possibility. 

Kreatinin. 

The kreatinin excretion in this case is uniformly low as compared 
with Folin's normal, but it is by no means likely that this is in any way 
connected with the function of bile in metabolism. There was nei- 
ther increase nor decrease following bile injection or ox bile medi- 
cation, and we may safely conclude that the bile plays no part in 
kreatinin formation. This low kreatinin excretion will be discussed 
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in connection with other more recent results tn a future paper from 
this laboratory. 

F-ECES. 

The analyses of the faeces are given in Table IV. The per cent of 
dried substance varied between 12 and 22 per cent. The amount of 
nitrogen in the fasces is even lower than figures given for the normal * 
and justifies the rather generally accepted statements that the proteid 
absorption is neither prevented nor retarded by the absence of bile. 
There is no decrease of nitrogen in the fasces following bile injection 
or ox bile medication. Joslin,' as already stated, found a decrease of 
nitrogen of faeces during ox bile medication. However, the need for 
improving the absorption of proteid in such cases is small, as shown 
by the small amount of nitrogen excreted in the faeces. The large 
amount of fat in the stools of this case confirms this common observa- 
tion, but the amount of fat does not seem to have been diminished by 
bile injection or ox bile medication. This is not in accord with the 
results of Joslin, who found a decided decrease of fat in the stools 
during ox bile medication. Our patient took 20 gm. of dried ox bile 
in three days, while JosHn's patient was given 30 gm. in four days. I 
cannot explain the difference in results. It might be that there are 
other factors necessary besides the bile, and such factors may have 
been present in Joslin's case and absent in ours. At any rate, in 
view of the clinician's evidence and of Joslin's experiment, ox bile 
may be of therapeutic value in such conditions.^ 

Bile. ' 

Analyses of the bile passed through the fistula during the three 
experiments are given in Table V. The results do not indicate the 
amount of bile normally excreted into the intestine by a healthy indi- 
vidual, because, as has been pointed out, fistula bile is always less than 
the amount normally secreted because of the lack of the bile normally 
reabsorbed from the intestine. These results are of interest regard- 
ing other points, however. By comparing the bile excreted on the 
high proteid diet with that excreted on the low proteid diet, we should 

> ScHMmr and Strassbukger : Die Faeces des Menschen, Berlin, 1905. 
pp. 119-124. 

* JosLiN ; Journal of experimenlal medicine, 1901, v, p, 513. 
' Dr. Brown tells me that she has noted some general improvement in this case, 
especially of the diarrhoea, from the use of ox bile. 
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TABLE rv. 

Faces. 



D>te. 


Tolal dried. 


Nitrogen. 


Total fat. 


Hydro- 

bilitubin. 


Oct. 24 


7LS 


2.28 


1.6 


"".T 


.?.'. 


tr.ce 


25 


5ao 


1.96 


1.0 


40.0 


20.0 


" 


26 


65.5 


163 


1.1 


59.5 


39X) 


" 


27 


59.S 


1.62 


1.0 


40.0 


23.8 


" 


28 


56.0 


1.64 


0.9 


47.2 


265 


" 


29 


53.5 


1*6 


0.9 


47.1 


25.2 


" 


30 


82.5 


1.62 


U 


31.2 


25.7 


" 


31 


No 


movement. 










Nov.l 


58.0 


2.46 


1* 


34.4 


20,0 


trace 


2 


S8.S 


262 


1.5 


S9.0 


34J 


+ 


3 


55.5 


2.02 


1.1 






+ 


4 


40.0 


2.14 


08 


573 


23.1 


+ 


5 


46.3 


2.13 


1.0 


63.8 


29.5 


+ 


Av. 7-9 


5S,0 


2JI 


U 






++ 


14 




1.94 




683 




+ 


15 




2.37 








+ 


16 


42.S 


2J2 


1.0 


61.2 


26.0 


4- 


17 


50.2 


2.40 


1.2 


61.6 


31.0 


+ 


18 


52.0 


2.76 


1.4 


61.2 


31.8 


++ 


19 


37.3 


2.S4 


0.95 


613 


22.9 


++ 


20 


723 


2.43 


1.7 


62.7 


45.4 


++ 


21 


5ao 


2.59 


1.3 


567 


28J 


+ 


22 


59.0 


2.24 


U 


58.6 


34.5 


trace 


23 


33.6 


2.49 


a8 






" 


24 


65.0 


2A5 


1.7 






very .light 


25 


66.5 


2.45 


1.6 


64.0 


42.5 


'■ 


26 


58.5 


2.88 


1.7 


S7/) 


33J 


+ 


27 


S7.S 


2.77 


1.6 


61.0 


35.0 


-H- 


28 


39.0 


2.96 


1.15 






+ 


29 


47.0 


214 


1.0 


62.2 


29.2 ■ 


+ • 


30 


65.0 


2.88 


1.9 






trace 



„Googlc 



386 



Philip Shaffer. 



SasasRSSS s^- 



„ Google 



Metabolism in a WoTnan viitk Biliary Fistula. 387 



SasasssssR % 



ci d 



1 i-S 



ssa^sissssi 



„GoogIe 



388 Philip Shaffer. 

be able to see the effect of food on bile secretion. The absence of 
any decrease of either solids, nitrogen, or sulphur of the bile on pass- 
ing from a diet containing more than 20 gm. of nitrogen to one con- 
taining about 4 gm. is very striking. As a matter of fact, there was 
an increase instead of a decrease; but to this increase I attach no 
significance. It is certainly quite remarkable that the liver, which is 
so active in the formation of nitrogenous and perhaps of sulphur 
products of metabolism and digestion, secretes little if any more 
nitrogen and sulphur in the bile when the urine contains 15-19 gm. 
of nitrogen than it does when the urine contains only 4-6 gm. Yet 
this fact seems to be fairly well established. Spiro^ in experiments 
on dogs with biliary fistula, found relatively only a slight increase of 
sulphur (0.059 ^0 0173 gn'-) *nd nitrogen (0.195 to 0.604 gm.) in the 
bile when the dogs were changed from complete fast to 1000 gm. 
meat. The nitrogen in the urine varifcd between 3.12 and 27.49 g™* 

Kunkel,* in similar experiments on dogs, found that the per cent 
of the food sulphur appearing in the bile decreased very considerably 
with the increase of food sulphur. On a high proteid diet 8 per cent 
of the food sulphur appeared in the bile, while 30 per cent was ex- 
creted in the bile on low proteid diet. Both these authors concluded 
that processes forming taurin are quite independent of those forming 
the sulphates of the urine, and that there is only very little relation 
between the amount of proteid in the food and the nitrogen and 
sulphur excreted in the bile.* 

But Wohlgemuth* and Bergmann" havp concluded that the taurin 
of the bile is derived from proteid. Bergmann's result that feeding 
cystin without sodium chelate does not lead to increased taurin, 
together with the fact that increase of food proteid leads to little or 
no increase of taurin, suggests the question whether the cholic acid 
is derived from food proteid, food carbohydrate, or is itself a product 
of metabolism in the strictest sense. If the cholic acid is directly 
derived from food proteids, as these authors believe to be the case for 
taurin, it is not clear why increased food proteid did not lead to an 

' SviRO: Archiv fiir Physiologic, Leipzig, suppl. Bd., 18S0, p. 50. 
' Kunkel: Arcliiv fiir die gesammte Phyaiologie, 1877, xiv, p. 344, 

* Barbieka has also found tiiattlie amount of nitrogen in the bile is independent 
of the nitrogen in the food, the former being about the same after a diet of tat as It 
is after a high proteid diet. {Annali di chimica e farmacologia, Dec, 1894 ; Malv's 
Jahresberlcht, 1894, xxiv, p. 381.) 

* Wohlgemuth ; Zeitschrift fiir physiologische Chemie, 1903, xl, p. 82. 

* Bergmann : Hofueister's BeitrSge, 1904, iv, p. 193. 
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increase of sulphur as taurocholic acid in my experiment, or to a still 
greater increase of bile sulphur in the experiments of. Kunkel and 
Spiro. Further experiments must decide the source of cholic acid. 
There are doubtless difTerences characteristic of animal species which 
should be considered in applying results from experiments on dogs to 
omnivorous or herbivorous animals. 

What effect had bile injection and ox bile medication on the amount 
of solids, nitrogen, and sulphur in the bile ? After each injection of 
bile through the fistula, as well as after ox bile medication, the amounts 
of solids, nitrogen, and sulphur were increased- This increase, although 
not great, is quite considerable, and agrees with the results of Stadel- 
mann, PfafT and Balch, and others. The experiments of Pfaff and 
Balch^ are particularly effective in proving that ox bile or human 
bile medication increases the amount and composition of the bile. 
The manner of this action would appear, however, to be not a stimu- 
lation of the liver to form fresh bile from the ordinary sources, but 
merely in furnishing the liver with the ready-made bile constituents, 
which it separates from the other material absorbed from the intes- 
tines, and excretes through the proper channels. If bile as a chola- 
gogue has a stimulating effect on the liver, we should properly expect 
the amount of bile excreted after its administration to be rather more 
than the sum of bile administered and the average amount passed 
before bile medication. This is not the case. In my experiments, 
for instance, on November i and 2, bile containing 6.4 gm. solids 
was injected each day, which amount added to 4.29 {the average bile 
solids for October 30, 31, and November i) gives 10.69 gni.> the 
minimum to be expected if the bile injected caused more fresh bile 
to be secreted. The average solids following this injection was 
5.8 gm. Similarly, if the 20 gro. of dried ox bile be divided between 
the four days the bile for which was analyzed for the " ox bile period," 
we have 5 gm. + 4.86 gm. (average of control days) = g.86 gm. per 
day. We found an average of 7.95 gm. of bile solids excreted. 

Pfaff and Balch's results show the same thing,^ namely, that after 

' Pfapf and Balch : Journal of experimental medicine, 1897, il, p. 49. 

* In Pfaff and Balch's experiments during ihitty-seven days, without medica- 
tion, an average of 4.64 gm. bile solids, exclusive of ash, was excreted per day. 
During iwelve days of human bile medication an average of 350 c.c. of the patient's 
bile (dried), contaiuing 2.8 gm. solids exclusive of ash, was given per day. The 
average bile solids exclusive of ash excreted during this period was 5.705 gm. per 
day, decidedly less than the sum of 4.64 and 2.8, or 7.44 gm. About the same 
relation is seen in the averages of ox bile medication; an average of 7.85 bile 
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bile medication more bile is excreted, but the amount of solids is not 
so great as the sum of that excreted before medication and that admin- 
istered. This is admittedly a faulty line of reasoning, because, instead 
of absolute amounts of bile salts, the substances in question, I have 
used the amounts of total solids, including inorganic salts. The 
amount of bile salts has not been determined in these experiments. 
But the same conclusion is reached from a consideration of either 
the total nitrogen or the total sulphur of the bile, and this conclusion, 
I believe, will be found to be correct: that while bile is a colagogue, it 
is not an hepatic stimulant. 

Summary. 

1. The patient's metabolism appeared to be normal, except for the 
poor absorption of fats, the high excretion of indican, doubtless caused 
by an increased intestinal putrefaction, the high excretion of ammonia, 
and the low excretion of kreatinin. The kreatinin excretion was not 
affected by the absence of bile from the intestine, and a discussion 
of it is left to a future paper. The cause of the high ammonia in this 
urine is not understood. 

2. The relation between the neutral sulphur of the urine and the 
taurin of the bile is discussed and the conclusion reached, that nor- 
mally Che taurin of the bile is not to any considerable extent the 
source of the neutral sulphur of the urine. The suggestion is made 
that in icterus, however, the increase of neutral sulphur may be 
derived from taurin which has been absorbed from the bile passages 
directly into the circulation, and has thus been diverted from the 
normal " Kreislaufe der Gallc." The neutral sulphur of the urine 
from this patient was not lower than the normal, and was not in- 
creased when bile was injected through the fistula, or following ox 
bile medication. 

solids exclusive of ash was given as 11.09 exclusive of ash excreted. Had even 
all of the bile taken been excreted again as bile, we should have a.n average of 
4.64 4- 7.85 ^ I1'49- That so much was not excreted is doubtless to be explained 
by an incomplete absorption from the intestine. Only during bile salt medication 
is there indication that more bile salts were excreted than the sum of that given 
and the average without medication. According to their analyses 34.52 percent 
of the bile solids excreted during the period of bile salt medication represents bile 
salts. This amounts to an average of 4.04 gm. per day, while the average 
bile salts excreted without medication was 2.11 gm. per day. An average of 
1. 41 gm. bile salts was given each day. Whether there was here an actual 
stimulation of the liver to form new bile cannot be decided without further 
experiment. 
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3. The amount of fat lost in the fasces was high, and was not 
decreased by bile injection or ox bile medication. The absorption of 
proteids was good, even without bile in the intestine. 

4. Analyses of the amount of solids, nitrogen, and sulphur in the 
bile are given, and their relation to the amount of proteid in the food 
is discussed. The results show no relation between the composition 
of the bile and the amount of food proteid. 

5. The excretion of bile was increased after bile injection and ox 
bile medication. The method of bile's action as a colagogue appears 
to be merely in furnishing the liver with ready-made bile constituents 
which it excretes by the proper channel, the bile passages. Bile 
does not appear to cause the liver to secrete strictly new bile, and 
therefore is probably not a liver stimulant. 

6. Some of Folin's results regarding normal metabolism are 
confirmed. 
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STUDIES OF THE PERISTALSIS OF THE URETER OF 
DOGS BY THE GRAPHIC METHOD. 

By D. R. LUCAS. 

[From Iht Latoralory of Physielitgical Ckimistry of Celiimbia UHtvertity, at Iht CelUgt ef 
PAyskiatu and Surgems, and frem Iht Rockefeller Institati for Mtdical Reiearch, 
New IVi.] 

Introductory. 

/^UR present knowledge of the movements of the ureter dates 
^-^ back to the classical studies of Engelmann,* published about 
thirty-seven years ago. His careful studies were made by simple 
ocular observations of the movements of the ureter in the dog, cat, 
rabbit, and rat. Engelmann made the statement that in the dog the 
movements might be studied by the graphic method; he, however, 
did not carry out such experiments. The studies by Sokoloff and 
Luchsinger,' which were published about a dozen years later, were 
also made by simple inspection. These observers removed the ureter 
from the animal and studied the influence of the intraureteral pres- 
sure upon the rate of contractions, the ureter being immersed in a 
saline bath. The next experimental studies, made directly upon the 
ureter, were reported by Fagge^ only a few years ago. They were 
carried out on dogs, and were conducted by the graphic method. 
L, Stern * studied recently by the graphic method the movements of 
the ureter of guinea pigs. The ureter was removed from the body 
and kept in warm solution of 0.8 per cent sodium chloride. 

Besides these direct investigations of the behavior of the ureter, 
we find incidental remarks on the contractions of this organ in nu- 
merous papers upon the so-called ureter pressure. In these latter 
experiments, which aimed chiefly at a study of the factors in renal 
secretion, the ureter was connected with a mercury manometer. 

' Engeluann : Archiv fiir die gesammte Physiologic, 1869, ii, p. 143. 
' Sokoloff and Luchsinger; Ibid., 1881, xxvi, p. 464. 
■ Fagge, C. H. : Journal of physiology, 1902, xxviii, p. 304. 
• Stern, L. : ThSse de Geneva, 1903. 

39* 
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Some observers took notice of certain undulations of the mercury 
which appeared to be due to the contractions of the ureter. Hender- 
son • gave a condensed account of the changes in the ureter pressure 
so far as they were due to the contractions of the ureter. He pub- 
lished no tracings. Frey* recently observed frequent fine undula- 
tions of the mercury meniscus in the manometer while the pressure 
was gradually increasing. A curve of these fine, hardly visible un- 
dulations was reproduced. These, rhythmic waves were less frequent 
than the respirations, and Frey ascribed them to the contractions of 
the ureter. 

Fagge, who was, as stated above, the first one to obtain graphic 
presentation of the ureter contractions, gave only a short account of 
his observations. His method consisted in introducing a very fine 
silver cannula from the interior of the bladder into the lumen of one 
ureter. Over the perforated end of the cannula was fixed a small 
rubber capsule, and in one or two cases the balloon was introduced 
through a longitudinal slit about the middle of the ureter. It may 
be remarked here that such a balloon in the narrow lumen of the 
ureter probably offers considerable resistance to the flow of the 
urine, which is surely not without influence upon the rate and char- 
acter of the ureteral waves. Fagge stated that the ureter in many 
cases was found to be motionless or to present slight contractions 
recurring at intervals of thirty to sixty seconds. Stimulation of the 
hypogastric nerve was always followed by a motor effect upon the 
ureter which consisted either of a quickening of the normal rhythm 
of contraction or of a production of groups of contractions in a 
previously motionless ureter. Fagge published two short tracings 
illustrating these effects. 

As a study of the literature shows, the functional activities of the 
ureter have received very little attention.' Consequently, this field 
seemed to me to offer favorable opportunities for experimental re- 
search. For the past two years or more I have been engaged in the 
investigation of several problems connected with the physiology and 
pharmacology of the ureter.* The work was carried on in the labora- 

' Henderson, V. E. : Journal of physiology, 190J-1906, xxxiii, p. 175. 

' Frey, Ernst: Archiv fur die geaammte Physiologic, 1906, cxii, p. 71. 

■ The so-called ureter pressure which was the subject of many studies is, as 
already pointed out by Henderson, a misDomer. In the investigations referred to, 
it was not the pressure of ttie ureter that was studied, but the pressure of the kidney 
a observed in a manometer tied in the ureter, 
luniber of observations made by me on the physiology and pharmacology 
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tory of Physiological Chemistry of Columbia University at the College 
of Physicians and Surgeons. In the present paper, however, I shall 
confine my statements to a report of the results of a further study 
of the normal peristalsis of the ureter of the dog by the graphic 
method, chiefly carried out last summer under the direction of Dr. 
S. J. Meltzer in the Rockefeller Institute for Medical Research. 

Experimental. 

Methods. — The earlier experiments which led up to those herein 
described were made on dogs. As a rule, large animals were used. 
Different methods of anesthesia were employed : with ether, chloro- 
form, morphin and atropin, decerebration, intraspinal cocainization, 
subcutaneous injection of magnesium sulphate, etc. The results 
which arc communicated in this paper, however, were obtained ex- 
clusively under morphin anesthesia. Chloroform or ether were 
employed only for the purpose of studying their effects upon the 
ureteral peristalsis. 

The animal having been anesthetized and tracheotomized, the ureter 
was exposed by an incision along the linea alba from symphysis pubis 
to ensiform cartilage. The abdominal walls were then retracted, the 
intestines were drawn to one side, and the viscera as well as the rest 
of the animal were covered with warm towels and cotton. When the 
trocar method (to be described later) was to be employed, the kidney 
was exposed by another incision, along the lower border of the last 
rib, or by a small longitudinal incision directly over the kidney. The 
left kidney was used when this method was employed, on account of 
its lower and more accessible position. 

The principle I have employed in obtaining a graphic presentation 
of the ureteral movements consists in connecting the lumen of the 
ureter or the renal pelvis with a water manometer, the undulations of 
the column of water being then transmitted by means of a float and 
style to a revolving drum. The connections with the ureter were 
made by three methods: 

of the ureter are omitted from this paper, because further study of the several prob- 
lems involved is desirable and will be made in the Department of Physiological 
Cheroialry before their detailed publication. I have already presented a summary 
of some of them in a brief preliminary communication. See the ProceedinGsof the 
Society for Experimental Biology and Medicine, 1905, ii, p. 6t ; also Science, xxl, 
p. 741; American medicine, ix, p. 744; Medical news, Ixxxvii, p. 87 The ex- 
periments performed before June i of the present year were described in a thesis 
offered, from the Department of Physiological Chemistry, in partial fullilment of 
the requirements for the degree .of Master of Arts at Columbia University. 
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1. By introducing a T cannula into the ureter through a longitudinal 
slit. For brevity's sake, this will be termed the T cannula method. 

2. By introducing into the ureter a cannula which is a modification 
of the Ludwig-Spengler artery cannula. In this modified cannula 
the two portions between which the vessel wall is clamped are made 
of half cylinders, the perpendicular portions of these being set nearer 
one end of each than the other. With this cannula a much smaller 
incision is required; no ligation being necessary, the propagation of 
the muscular wave of the ureter i& only slightly interfered with, 
the vessels of the ureter can be avoided, and the nutrition of the 
ureter is only slightly impaired. The lumen of the ureter is also 
much less constricted than by the T cannula. This method will be 
referred to as the L cannula method. 

3. By introducing a trocar through the kidney into the renal pelvis. 
A trocar with a blunt obturator was pushed through the cortex and 
medulla of the kidney so that it just entered the renal pelvis. It was 
retained in place by a purse string suture around the point of punc- 
ture of the capsule of the kidney. This also helped to stop bleeding, 
which, however, was surprisingly slight. A small quantity of warm 
salt solution or urine aspirated fresh from the bladder was injected 
through the needle ; thus the patency of the cannula and ureter was 
ascertained. This will be referred to as the trocar method. 

In connecung the cannula with the water manometer by means of 
narrow glass and rubber tubing, the low column of urine was sepa- 
rated from the water in the manometer by a column of air. Any 
movement of the urine caused an undulation in the manometer. 
These undulations were recorded on a drum by means of an Emerson 
float.' 

The lumen of the ureter remained patent in all methods. The 
T cannula, however, narrowed the lumen considerably, and the 
resistance which it offered to the flow of urine through the ureter was 
much greater than when the L method was employed. 

In most of the experiments of the present series the ureter re- 
mained in normal connection with the bladder. In some experiments, 
however, the ureter was severed near the bladder, the urine escaping 
into the abdomen or being carried out of the body by a glass tube 
connected with the cannula in the ureter. This cannula narrowed, 
of course, the lumen of the ureter, and thus afforded some resistance 

> Emicbson, H: Proceedings of the Society for Experimental Biology and 
Medicine, 1904-1905, ii, p. 38. 
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to the flow of urine out of the ureter. In some of the experiments 
the urine was caused to drop on a pan connected with a Marey 
tambour, by means of which the flow of urine was recorded. 

In some cases the outlet cannula was connected with a measured, 
vertical glass tube of small calibre, enabling one to study the effect 
of the resistance to the flow of urine upon the peristalsis of the 
ureter. 

The dose of morphin varied from 0.06 to 0.12, depending on the 
size of the animal. This was given subcutaneously sixty to ninety 
minutes previous to the operation. AH experiments were commenced 
in the morning; the animals had not been fed since the previous 
evening, but they had free access to water. 

The peristalsl* of the ureter of doge. — Engelmann's statement that 
in " fresh " animals 3 to 6 spontaneous contractions occur in the ure- 
ter per minute (every ten to twenty seconds) refers only to rabbits. 
For dogs I find nowhere any definite data on this point. The above- 
mentioned observations of Fagge to the effect that in many cases the 
ureter was found to be motionless or that the contractions recurred 
at intervals of thirty to sixty seconds can hardly be accepted as an 
expression of what really takes place in a normal animal. (I And, 
however, from one of the protocols of an experiment on a dog by 
Luchsinger and Sokoloff, that the ureter before its excision was con- 
tracting ten times per minute. In a dog in which the ureter was cut 
in the middle, they observed that the upper part was contracting ten 
times and the lower part four per minute.) As to my own experi- 
ments I have to state at the outset that in the observations made by 
simple inspection I have never seen a motionless ureter. In a few 
instances the graphic method has failed to reveal tracings of move- 
ments of the ureter. In these very few exceptions, however, the 
failure was due either to the use of chloroform or to some accidental 
fault in the technique. 

According to Engelmann, the spontaneous contractions of the ure- 
ter are less frequent the less "fresh" the animal. In my experi- 
ments the animals, when they were ready for observations, were not 
" fresh " any longer. Moreover, unlike the conditions of Engelmann's 
simple method of observation, the ureter itself had to be handled in 
my experiments, in order to insert the cannulas. Furthermore, the 
deprivation of the renal pelvis and ureter of urine by the opening of 
the ureter or pelvis is another factor working against the appearance 
of the peristaltic movements in the ureter. Nevertheless, as a rule, 
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within a few minutes after the connections of the ureter with the 
graphic apparatus had been perfected, the ureter was causing curves 
to be traced on the drum, of one kind or another. 

Another point of interest is the fact that when the contractions 
had become well established, if not purposely interfered with, they 



Figures 1<i and 1^.— Ureter peristalsis. Middle of ureter connected by means of an 
L cannula with a water manometer, the style of which traced the undulations. Lower 
end of ureter connected with a vertical glass tube containing 11 cm. of urine- 
Figure 1 a oblaiiied soon after beginning of experiment ; Fig. 1 h obtained 3 hours 
later. Time markings, 6 seconds. Sltaighl line the base line for the ureter pressure. 

continued in about the same frequency and character for three to four 
hours or even longer, — in fact, sometimes as long as the experiment 
lasted. Figs, i a and i b are from the same continuous experiment. 

1 a was obtained at 11.30 a. m., and i b was obtained at 2.30 p. h. 
The tracings differ very little in the two figures, either in frequency 
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FiGiJRE 2. — Femialsis of middle part of ureter obtained by means oE an L cannula. 
Urine discharged into bladder. Time, 6 seconds. Straight line base line. 

or in extent. This is especially noteworthy because during the long 
interval the animal was exposed to several tests, as, for instance, to 
the influence of chloroform or ether, and to which I shall refer later. 

The above figures also show that in this experiment the contrac- 
tions of the ureter occurred about 4 to 6 times per minute. This rate 
is quicker than the one given by Engelmann for rabbits, and more 
rapid by far than the rates observed by Fagge in his experiments on 
dogs. However, I have to state that the rate was by no means a 
constant factor in my experiments. Not only did the number of con- 
tractions vaVy for different animals, but also in the same animal ; it 
varied with different influences, and .sometimes changes in rate oc- 
curred suddenly without any apparent cause. Figs. 2 and 3 illustrate 
this. They are from different animals. In Fig. 2 the intervals be- 
tween the contractions varied between twelve to twenty seconds; in 
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Fig. 3 the intervals varied between twenty-four and fifty-four seconds 
and, exceptionally, an interval of even eighty or ninety seconds oc- 
curred. This was the case during the first half-hour of the experi- 
ment; later, the normal intervals were rarely longer than twenty 
seconds and were nnore regular. 

The contractions, or rather the markings of contractions of which 
I am speaking here, were obtained from about the middle of the 
ureter, the place which probably was mostly under observation by 
previous experimenters. 

While the rate of contraction of the middle part of the ureter 
varied sometimes, and although the intervals between the contrac- 
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Fig (.'RE 3. — Peristalsis of middle part of ureter obtained at the beginning of experiment 
by means of an L cannula. Utine discharged into bladder. Time. 6 seconds. 

tions were occasionally very long, I can state nevertheless in a gen- 
eral way that the contractions of the ureter of a dog anesthetized by 
morphin occur fairly regiilarly, the length of the period between 
the contractions varying in different animals as a rule from six to 
twenty seconds. The variation in different animals as well as in one 
and the same animal depends largely on external influences, chief 
among which are to be mentioned the amount of urinary secretion 
and the anesthetics employed. The significance of these factors I 
shall discuss later. 

So far the experiments by the graphic method confirmed in a gen- 
eral way the statements made by other observers who studied the 
movements of the ureter by simple ocular inspection. I have, how- 
ever, made some other observations for which I have found practically 
no analogy in previous statements. In the curves of Fig. 3 it may be 
seen that each large elevation is superimposed by a number of fine 
undulations. This is more pronounced in Fig. 4, which was obtained 
in a later phase of the same experiment. These tracings were ob- 
tained from an " L cannula " in the middle of the ureter, the latter 
not being interfered with otherwise. I have, however, made a series 
of experiments in which two cannulas were inserted in the same ure- 
ter, one in the pelvis and another at about the middle of the ureter, 
and here I made the surprising observation that each cannula pre- 
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sented a radically different curve. While the curves from the middle 
of the ureter were large and infrequent, the curves from the renal 
pelvis appeared in the form of very frequent and small oscillations, 
each " period " lasting only from one second to three. 



FiCURE 4. — 5am« as Fig. 3. Obtained about half an hour later. 

Fig. 5 presents two such synchronously written curves. The upper 
curve was obtained from a T cannula which was inserted at the junc- 
tion of the lower and middle third of the ureter. The lower curve 



r M junction of middle and lower 
of an L cannula. Urine discharg- 



FistTRE 5. — Upper tracing from T cwinula in u 
third. Lower tracing from renal pelvU by me 
ing into bladder. Time, 6 seconds. 



was obtained from an L cannula inserted in the renal pelvis. The 
pelvic oscillations were sometimes even more rapid than those shown 
on the portion of the curve reproduced. The experiment on this 
animal lasted over six hours, the cannulas were continually writing 
throughout the entire experiment, and the character of each curve 
remained the same until the eicperiment was terminated. 

The oscillations appear small and frequent also when obtained 
from the uppermost part of the ureter (see Fig. 6). It appears, 
however, that the ureter oscillations are a trifle larger than the pelvic 
oscillations. 
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From an analysis of the eleven experiments in which the renal 
pelvis was connected in one way or another with the recording appa- 
ratus, it appears that in four experiments in which the connections 
were made by means of an L cannula, all have shown the frequent 
short oscillations throughout nearly the entire experiment. In 
seven other ezpenments the connections were made by means of 
a trocar. Of these in three experiments all of the contractions 



FlGUKE 6. — Upper tracing from renal pelvU by means of trocar. Lower tracing from 
L cannula in ureter very close to pelvis. Both straight lines are base lines for the 
intraureleral preuuies. Urine discharged into bladder, l^me, 6 seconds. 



appeared in the form of small frequent oscillations. In one (4th) 
experiment there was at first no movement at all, but later small os- 
cillations developed, apparently spontaneously. In another experi- 
ment (5th) there were no spontaneous motions of any kind during 
the greater part of the experiment, but an intravenous injection of 
caffein brought out some very small and very frequent oscillations. 
In one experiment (6th) the manometer connected with the renal 
pelvis wrote a straight line daring the entire time of observation. 
Finally, in one experiment (7th), in which it was necessary to give 
the animal chloroform to keep it in anesthesia, very fine oscillations 
appeared once in a while, but were interrupted at irregular long in- 
tervals by slightly larger curves, which frequently continued without 
smaller oscillations. Apparently the connection of the renal pelvis 
with the recording instrument by means of the trocar method was 
less satisfactory than the L cannula. Very fine movements of the 
pelvis were probably not transmitted by the needle, but a rise of pres- 
sure in the pelvis brought them out. A venous infusion of saline, or 
an injection of caffein, and sometimes, also, a resistance to the fiow 
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of urine in the ureter, induced by clamping of the ureter, favored 
the appearance of the frequent oscillations in the renal pelvis. 

I believe these experiments justify the general statement that the 
renal pelvis and the uppermost end of the ureter of dogs under the 
above conditions show as a rule 
very small contractions, which re- 
cur for the most part regularly at vi/vi/i/t'^1/^1 
intervals of one to three seconds. V V V " ' 
Larger contractions, recurring at 
much longer intervals, appear 

sometimes also in tracings ob- — 

tained from that section of the ure- Figure 7. — Two-fifiha the original siie. 

ter, but, on the whole, they are UPP<"" '"='"8 ^1 ""^""^ ^'"^ p*''^- 

, ■ r , . lower tracina by T cannula from inid- 

rare, they appear only for short ju p„, of „„,„. a ri^ in the pelvis 

periods, are not large, and are al- curve corresponds to a drop in the 

ways superimposed by the small "'eWr curve. Oscillations in peWis 

frequent oscillations. The Condi- curve hardly visible. Urine dischwged 

. , , , , , , into bladder. Time, 6 secoiids. 

tions under which they appear have 

not as yet been ascertained. Retarded flow in the lower part of the 
ureter seems to favor their occurrence, and in one case at least, their 
appearance corresponded to the relaxations of the tonus of the 
middle part of the ureter. Therefore it is more probable that the 
elevations were due to reflux of urine to the pelvis than to a contrac- 
tion of the pelvis (see Fig. 7). 

From the results of two experiments it would appear that the upper 
end of the ureter shows transitional contractions, that is, the contrac- 
tions are a little larger and a little less frequent than the ones from 
the pelvis, but they appear more frequently, and are distinctly smaller 
than the curves from the middle of the ureter. 

That the rapid oscillations were not due to heart beats and respirar 
tory movements has been frequently ascertained by a comparison of 
the number of each of these movements and also by the graphic 
method. It was proved especially that the course and rhythm of the 
renal oscillations were in no way changed by deep respirations^ or 
during apnoea (see Fig. 8). 

' The animals were not curariied. Moderate movemetits made no impression 
upon the pelvis and ureter curves. Struggles of the animal, however, drove up 
the intraureteral pressure and changed temporarily the rhythm of the 
The effect was probably due to an Increased outflow of urine into the pelvi! 
ureter. 
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With regard to the contractions of the middle part of the ureter, it 
has been stated above that the curves representing them were as a 
rule comparatively infrequent and fairly large. (This applies in 
general also to the curves obtained 
by means of the T cannula, which, 
by the way, were far less satisfac- 
tory than those obtained by means 
of the L cannula.) Of the four- 
teen experiments in which the 
middle part of the ureter was 
marking contractions, there was 
none in which the characters of 
these contractions were essentially 
the same as those observed in the 
pelvic tracings. In one experi- 
ment the urine was escaping from 
the lower end of the ureter through 
a vertical tube against a pressure 
of 20 cm, of water. In this exper- 
iment the contractions showed an 
inclination to become compara- 
tively small and recur as rapidly 
as once every three or four sec- 
onds. In other experiments in 
which the urine escaped through 
a cannula tn the lower end of the 
ureter against a moderate pres- 
sure, the curves were of the type 
represented In Fig. i. They had 
a tendency frequently to appear bigeminal, and exhibited a slight 
- drop at the crest of the curve. 

In experiments in which the urine was normally discharged into 
the bladder, the curves were generally large and appeared less fre- 
quent. Among these latter experiments there were three in which 
most of the curves presenting the large contractions of the ureter 
were superimposed by numerous finer movemenis (see Figs. 4 and 9). 
In the course of the experiments such curves developed the tendency 
to appear frequently in long lasting elevations, the lops of which 
would present a shorter or longer line of slight oscillations. More- 
over, near the end of a long experiment the large elevations tended 



KlOUBE 8.— Two-lhit 
Upper tracingireBiii 
Marey cardingnph. 



Is th« urigina] 9 
»lion)bymeai»< 
Lotver tracing from 



cannula. The deep respiration a 
as the following pause made no impres- 
sion upon the oscillation of the v 
curve. Time, 6 seconds. 
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to disappear entirely, and the tracing then consisted only of frequent 
smaller movements similar to those obtained from the renal pelvis 
(see Fig. io>. 



Figure 9. — Peristalsis by an L cinnuli from middle of ureter showing fairly regular, 
large contractions, superimposed by smaller oscillations (" groups " of some authors). 
Urine discharged ir 



o bladder. Time. 6 seconds. 



Such tracings make the impression that fatigue affects primarily 
the larger contractions. On the other hand, an intravenous injection 
of a large <[uantity of saline in the course of the experiment abolished 



CURE 10- — Upper tracing by a T cannuli 
of ureter. Lower Iradng by an L canni 
ning of experiment. Upper tracing shi: 
but nut the finer oscillations. Time, 6 si 



t junction between middle and lower third 
from pelvis. About 5 hours after begin- 
s tendency to lose the larger contraction, 



for a while the small oscillations and increased the frequency of the 
larger movements (see Fig. ii). Increased diuresis, and with it 
increased intraureteral pressure, favors apparently the development 
of the larger contractions in the middle part of the ureter. It should 
be stated again that in a large percentage of the curves obtained from 
the middle part of the ureter no fine frequent oscillations ever ap- 
peared either superimposed or alone during a long experiment, although 
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here too the tracings sometimes exhibited bigeminal or trigeminal 
crests. 

Only two successful experiments were made in whicb the lower end 
of the ureter, about one inch away from the bladder, was connected 
with the recording apparatus. In one experiment the movements were 
slight, and appeared at intervals of four to eight seconds, and only 
after considerable intraureleral pressure. For a short time at the 
beginning of the second experiment there were moderately large 



Periatalsis by an L cannula from middle of ureter, showing the effect of 
injection of 50 ex. of saline. Time, 6 seconds. 

contractions at intervals of six to ten seconds, but the contractions 
soon became frequent and small, and could not be distinguished from 
the oscillations which were simultaneously obtained from the renal 
pelvis. Although the number of these experiments is too small to 
permit of any positive conclusions, I have gained the impression that 
the contractions of the lower end of the ureter are generally more 
frequent and not nearly so large as those invariably exhibited at the 
middle part of the ureter. 

These graphic studies of the movements of the ureter brought out, 
in the first place, the fact that, besides the larger and infrequent 
contractions which were hitherto known, there are contractions of 
another kind which are small, but which appear with much greater 
frequency than the large ones, and which have not been described by 
other observers. These frequent oscillations appear especially in the 
renal pelvis and in the upper part of the ureter. Possibly these 
oscillations appear frequently also in the lowermost part of the ureter. 
In the middle part of the ureter these frequent small waves appear 
sometimes as superimposed oscillations of the larger contractions. 
These large contractions occur for the most part about the middle of 
the ureter, and occur rarely if ever in the renal pelvis and the adjacent 
part of the ureter. Possibly they occur occasionally in the lower part 
of the ureter. Fatigue of the middle part seems to affect primarily 
the large contractions, and favors the appearance of the frequent 
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oscillations in cases where ihey were superimposed upon llic large 
contractions, 

The fact just referred to might explain the above-mentioned obser- 
vation of Frey, namely, that during the rise of the ureter pressure the 
mercury in the manometer showed very small rapid oscillations. 
The manometer was surely not connected with the uppermost or the 
lowermost part of the ureter. These rapid oscillations, therefore, 



Figure 12. — Ftoid the same experiment as Fig. 1. Shows the effect of chloroform upon 
the ureteral perUtalsis. 

might have been of the same kind that we have seen in the middle 
part when the latter was fatigued. Frey says expressly that he saw 
them only in a few of his experiments. 

The middle part of the ureter acts then differently from the upper 
and lower ends. May this phenomenon not be connected in some 
way with the fact that the middle part of the ureter has no nerve 
cells (Engelmann), or a lesser number than both ends (Dogiel and 
others) .' 

I shall not enter for the present into a further discussion of the 
merits of this theory, 

ESaot of MiMttietlcs. — I have yet to report on one or two more find- 
ings which are of theoretical and practical interest. I have stated 
above that in this series of experiments morphin was used as an 
anesthetic. The reason for not employing such efficient anesthetics 
as chloroform or ether was because they affect profoundly the be- 
havior of the peristaltic movements of the ureter. Of this point 
I have made a special study, the essential results of which I shall 
mention here very briefly. 

Both chloroform and ether reduce considerably the size as well as 
the frequency of the large contractions of the middle part of the 
ureler, and if continued abolish them entirely, the intraureteral pres- 
sure being reduced in all parts of the ureter (see Fig. 12). When 
the administration of the chloroform or the ether was only brief, 
sometimes the deteriorating effect did not set in until a little while 
afler the use of the anesthetic was discontinued. In a few cases, 
a little while after recovery from the evil effect of the anesthetic, 
another period of deterioration set in as a second after effect. 
There are some differences between the effects of chloroform and 
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ether. T shall, however, omit here the minor details, and shall state 
that in general the effect of chloroform is much more profound than 
that of ether. 

These observations give the prohable key to the above-mentioned 
remarkable experience of Fagge, namely, that in his cases the ureter 



i 



1 



Figure 13. — Upper tracing by T cannula at junction of middle and lower third of ureter. 
Lower tracing by an L cannula from pelvis. Shows the efFect of chloroform ; the 
large con traclions are abolished, but not the finer oscillations, (The larger elevations 
on the pelvic tracing correspond to sudden relaMlions in the ureter tracing. See 
Fig. 7.} Time. 6 seconds. 

was either motionless or that movement appeared only once in thirty 
or sixty seconds. He used as an anesthetic, besides a preliminary 
injection of morphin, the A- C. E. mixture (alcohol, chloroform, and 
ether). 

Of special interest are the following observations. When the 
anesthetic was administered in cases in which the large contractions 
of the middle portion of the ureter were superimposed by the small 
rapid oscillations, the anesthetic affected at first the large contrac- 
tions, leaving the small oscillations unimpaired, thus converting the 
curve into one resembling that obtainable from the renal pelvis. 
Furthermore the small oscillations from the renal pelvis proved to be 
also more resistant to anesthetics than the larger contractions from 
the middle part of the ureter. (Sec Fig, 13, upper and lower curves.) 
This fact is in analogy with the behavior of the large and small con- 
tractions towards fatigue. The small contractions are apparently more 
resistant to pernicious influences. 

Finally, it must be mentioned that possibly the morphin anesthesia 
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is also not without detrimental influence upon the movements of the 
ureter, and that the actual normal peristalsis of the ureter might per- 
haps differ in some material points from those observed in these 
experiments. 

Resume. 

The essential points brought out in this section of my study of the 
ureter of dogs, by the graphic method, may be summarized as follows : 

Even under morphin anesthesia the middle part of the ureter 
(comprising at least two-thirds) shows comparatively large contrac- 
tions which recur, if the urine is permitted to flow unimpeded into 
the bladder, at intervals varying from six to twenty seconds. 

The renal pelvis and the uppermost part of the ureter show con- 
tractions of another type, namely, small oscillations which recur much 
more frequently than the large contractions. 

Chloroform and ether affect profoundly the large contractions of 
the ureter, so as even to abolish them completely, while the smaller 
oscillations show a greater resistance towards anesthetics. 

It is a great pleasure to express my sincere gratitude to Prof. 
William J. Gies for the uniform kindness, encouragement, liberality, 
and advice I have enjoyed during my work in the laboratory of Physi- 
ological Chemistry at the College of Physicians and Surgeons, and to 
Dr. S. J. Meltzer, for invaluable assistance in and for rigorous and in- 
structive criticism of all details of the work carried on at the Rocke- 
feller Institute. I am also indebted to Prof. Stanley L. Couller, Prof. 
Torald Sollmann, and Dr. A. N. Richards for suggestions and criticism 
during the course of my work. 
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THE EFFECT OF ALCOHOL ON THE SECRETION 
OF BILE.' 

By WILLIAM SALANT.' 

[From the Dcfarlmiiit of Physiolagical Chemistry of Columbia Unhtriily, at Ihi 
College of PhysieioH! and Surgeons, /i^rta York.^ 

Introduction. 

IT is somewhat singular that studies of the action of alcohol on the 
digestive glands have been confined chiefly to inquiries into its 
influence on gastric secretion. Clinicians and physiologists have 
made the action of alcohol on the production of gastric juice the 
subject of a considerable number of rather extensive investigations, 
with almost concordant results. Practically all who have conducted 
researches on the effect of alcohol on gastric secretion agree that its 
administration, at least in moderate quantities, is followed by in- 
creased formation of gastric juice, both in the human subject and in 
fistulous dogs. 

A number of investigations have been carried out on the action of 
alcohol on other digestive glands, but, in striking contrast to those 
on the stomach, they have neither been as numerous nor as exten- 
sive. Thus the action of alcohol on salivary secretion has received 
some attention. Excepting the work of Chittenden, Mendel, and 
Jackson,^ and more recently that of Zitowitch,* however, no sysie- 

' The results of some of the experiments here described in detail have already 
been communicated in preliminary reports. Proceedings of the Society for Exper- 
imental Biology and Medicine, 1904, i, p. 43; Science, xx. p. 79; American med- 
icine, vii. p. 950; Medical news. Ixxxv, p. 230; Proceedings, 1906, iii, p. 34; 
Science, xxiii, p. tio; American medicine, p. 107; Science, 1906, xxiii, p. 335; 
Proceedings of the Section of Biological Chemistry of the American Chemical 
Society in affiliation with Section C of the American Association for the Advance- 
ment of Science, 1905 ; Proceedings of Ihe Association, 1906, p. 330. 

I am indebted to Professor J. G. Curtis for permission to carry out Experi- , 
ments 10 and 11 in the laboratory of the Department of Physiology. 

' Research Fellow of the Rockefeller Institute for Medical Research. 

• Chittenden, Mendel, andjACKSOs: This journal, [898, i, p. 161. 

• Zitowitch: Mitteilungen der mllitar medizinischen Alcademie, September, 
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matic study of this particular phase of the subject has been made. 
The effect of alcohol on the secretory activity of the pancreas was 
merely touched upon by Claude Bernard,' and not until recently has 
it been accorded a fuller measure of attention. 

Even more scanty is our information concerning the action of 
alcohol on the secretion of bile. The first attempt to study the sub- 
ject was made by Rutherford," who concluded, from the results of 
experiments on two dogs with temporary biliary fistulas, that alcohol 
is without any effect on the secretion of bile. Later, Dombrowski^ 
and Barbera * made a few casual observations in this connection and 
came to the same conclusion. More recently Rutherford ^ stated that 
after the administration of alcohol in the form of whiskey to a pa- 
tient with a biliary fistula, he also had failed to notice any increase in 
the flow of bile. The lack of a systematic study of the action of alco- 
hol on the secretion of bile has made more extensive and thorough 
investigation of this subject particularly desirable. The present 
research was undertaken to meet this need. 



Methods. 

My experiments were conducted on healthy, well-nourished dogs. 
At the beginning of the work the bile was obtained by means of 
temporary biliary fistulas. Later, a permanent complete gall bladder 
fistula was also made use of for the same purpose. In all the 
experiments in which temporary biliary fistulas were employed, the 
following procedure was adopted. Ether narcosis was induced with- 
out the previous use of morphin. To prevent the flow of bile from 
the gall bladder the cystic duct was securely ligated. A cannula 
attached in the usual way was then introduced into the common bile 
duct. 

The bile was collected in graduated cylinders which were changed 
every fifteen minutes or, in some experiments, every ten minutes, 
thus affording a satisfactory means of studying the rate of secretion. 

' Bernard, Claude : Lemons sur les effets des substances toxiques, Paris 
i8j7, p. 433- 

* Rutherford : Aa experimental research on the physiological action of drugs 
on the secretion of bile, Edinburgh, t88o. Also Journal of anatomy and physiol' 
ogy. i87S,3i. p. 2IS- 

' DoMBROwsKi ; quoted by Lowenton, Dissertation, Dorpat, 1891, p. 1$. 

* Barbera; Gulletino scienze mediche di Bologne, Serie VII, 1894, v, p. 516. 

* Rutrbrpord : British medical journal, 1898, ii, p. 775 
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10 c.c. of 30 per cent alcohol injected into the femoral vein. 
Period VIII. 0.9 C.C. 
I'otal (V-VIII), 4,0 c.c. ; average, 1.0 c.c. 

Experiment A- — Male dog; weight, 7.5 kilos. Fed al 10.30 a.m. Ether 
narcosis. Neck of gall bladder ligated, then cannula introduced into 
common bile duct. Bile was collected in fifteen minute periods as follows : 
Period I. 1.9 c.c. Period IV. 0.75 c.c. 

" II. i.o " " V. 0.85 " 

" III. 0.8 " 

Total (I-V), 5.03 c.c. ; average, 1.06 c.c. 
10 c.c. of 30 per cent alcohol injected into femoral vein. Respiration 
ceased ; soon recovered. 

Period VI. 0.75 c.c. 
20 c.c. of 30 per cent alcohol injected into femoral vein. Heart 
stopped, soon recovered. 

Period VII. 0.15 c.c. 
Total (VI-VII), 0.90 c.c. ; average, 0.45 c.c. 

Experiment 5. — Male dog ; weight, 1 1.8 kilos. Fed at 10.30 a. m. Ether 
narcosis. Neck of gall bladder ligated, then cannula introduced into 
common bile duct. Bile was collected in fifteen minute periods, as 
follows : 

Period I. 1.75 c.c. Period IV. o.z c.c. 

" II. 0.7 " " V. 0.2 " 

" III. 0.4 " 

Total (I-V), 3.25 c.c; average, 0.65 c.c. 
50 C.C. of 30 per cent alcohol injected into the femoral vein. 
Period VI. 0.15 c.c. Period VII. 1 drop 

Total (VI-VII), 0.15 C.C. ; average, 0.075 c-"^- 

Experiment 9. — Male dog; weight, 8.5 kilos. Fasted twenty hours. Bile 
was collected in fifteen minute periods. 

Period I. 0.8 c.c. Period IV. 0.7 c.c 

" n. C7 " ." V. 0.7 " 

" III. 0-75 " 

Total (I-V), 3,65 c.c. ; average, 0.73 c.c. 
8 cc of 30 per cent alcohol injected gradually for eight minutes. 

Period VI. 0.65 c.c 

8 c.c. of 30 per cent alcohol injected gradually for five minutes. 

Period VII. 0.60 c.c. 
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8 c.c. of 30 per cent alcohol injected gradually for five minu 
Period VIII. 0.4 c.c. Period IX. 0.4 c.c. Period X. 
Total (V-IX), 2.55 C.C. ; average, 0.51 c.c. 

Experiment 10. — Male dog; weight, 8.75 kilos. Fed seven ht 
operation. Ether narcosis. Cystic duct ligated. Cannula 
into the common bile duct. Rate of secretion studied by rat 
drop recorder. 
Period I. r6 drops in 7 min. 20 sec, or an average of i drop 
" II. 30 " 13 " 40 " " " 1 " 

" III. 30 " 14 " 45 " " " • I 

88 c.c. ^o per cent alcohol injected into the femoral vein. 
Period IV. 28 drops in 15 min., or an average of i drop in ; 
Fifteen minutes later 8 c.c. of 30 per cent alcohol injecte 
femoral vein. 
Period V. 16 drops in 9 min., 13 sec, or an average of i drop 

16 c.c. of 30 per cent alcohol injected into femoral vein. 
Period VI. 16 drops in 10 min., or an average of i drop in 40 s 

An analysis of the foregoing data shows that the secreti 
was somewhat diminished after the intravenous injection < 
This was especially evident in Experiment 2. In (his e 
the flow of bile in each of the prealcoholic or control perio 
No. 3, was 0.2 c.c. When 20 c.c. of 40 per cent alcoho 
jected, it fell in the succeeding periods to about 0.1 c.c. 
Experiment 3 the amounts of bile obtained in the two p 
mediately preceding alcohol treatment were 1.4 and 1.5 < 
injecting alcohol the secretion decreased within the folio 
hour to I.I c.c. for a period of fifteen minutes. When an 
dose of alcohol was given, the quantity of bile obtained in 
length of time was only 0.9 c.c. 

If the amounts of bile in Experiment 4 before and al 
tion of alcohol are compared, a continuous tendency in th( 
of decreased flow may be noticed. This will be better app 
the results are considered in detail. During the first Rftee 
l.g c.c. of bile were obtained, while in the next two pe 
i.o c.c. and 0.8 c.c. respectively were collected. 

The secretion of bile continued to decrease slightly in the ; 
fifteen minutes, but in the next period there was an appr< 
provement. Alcohol was thereupon injected, after which th 
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of bile again diminished. The administration of an additional dose 
was followed by a still further reduction in the volume of secretion. 
The amount of bile obtained at the end of the next fifteen minutes 
was only 0.15 C.C., which was one-fifth that of the period immediately 
preceding. 

The' disproportionately rapid flow of bile in the early part of this 
experiment needs explanation, more especially since a similar efiect 
was observed in the fifth experiment and in several others. In some 
of the animals in this investigation the ligation of the cystic duct, and 
the consequent exposure of the under surface of the liver which it 
involved, often made considerable handling at least of some parts of 
the liver unavoidable. It is quite possible that during these manipu- 
lations a certain amount of bile was temporarily held back in the 
biliary passages, and then was released later when the cannula was 
introduced into the common bile duct. The flow of bile which ensued 
during the first period of each experiment may be no index, there- 
fore, of the rate of actual secretion during that time, since the quan- 
tity collected may represent not only the bile formed during that 
period, but also that which might have been accumulated previously 
in the biliary passages for the reason stated. Consequently, the first 
and sometimes also the second period samples were not regarded as 
controls whenever the amounts were comparatively greater than those 
in the rest of the four periods. Alcohol was not injected until the 
rate of secretion was approximately uniform for thirty or forty-five 
minutes, or until after it was evident that the variation was not con- 
siderable. Thus, in Experiment 5, alcohol was injected only after a 
uniform rate of secretion had been maintained for half an hour ; other- 
wise no inferences could be drawn regarding the action of alcohol, for 
the rate of secretion shows diminution all through the experiment. In 
this experiment 1,75 c.c. of bile were obtained at the end of the first 
period, 0.7 c.c. in the next, 0.4 c-c. in the third. Secretion then be- 
came uniform, a2 c.c. having been obtained during each of the follow- 
ing two periods. Alcohol was therefore injected. The volume of 
secretion suffered but little change in the next fifteen minutes, but 
the fiow soon ceased altogether. 

In Experiment 9 the secretion of bile was practically uniform 
from the very beginning of the experiment. A small quantity of 
alcohol was injected, but very little change in the rate of secretion 
was noticed. Two additional doses were given at fifteen minute 
intervals. The flow of bile was appreciably retarded after the third 
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dose. Finally, in Experiment 10, as shown by the number of drops 
secreted in a given time, the injection of alcohol was likewise fol- 
lowed by a slight decrease in the rate of secretion. 

The results of this series of experiments would therefore seem to 
indicate that alcohol when injected into the circulation depresses the 
secretory activity of the liver. The steady diminution in the flow of 
bile that was observed in some experiments before the administration 
of alcohol, however, made very desirable a comparative examination 
of the volumes of bile secreted in untreated dogs. In the following 
experiments the secretion of bile was studied for two hours or more, 
so that the amounts of bile collected during the second hour of the 
experiment could be compared with those obtained at about the 
same time after the injection of alcohol in the experiments already 
detailed. 

CoDtrol ezpeilmeiitia (Sertes A). Experiment 12. — Male dog; weight, 6 
kilos. Fed three hours before operation. Ether narcosis. Neck of gaU 
bladder ligated ; cannula introduced into bile duct. Bile was collected in 
fifteen minute periods. 

Teriod I. 2-7 c.c. Period VI. 0.8 c.c. 

" II. 1.9 " " VII. 1.0 " 



" V. 0.8 " 

Experiment 14- — Male dog ; weight, 6.15 kilos. Fed five hours before 
tion. Ether narcosis. Neck of gall bladder ligated and cannula i 
duced into common bile duct. Bile was collected in fifteen m 
periods. 

Period I. 1.2 c.c. Period V. 0.5 c.c 

" II. 0.75 " ■' VI. 0.5 " 

« III. as " " VII. 0.4 " 



After sample VII was collected respiration ceased, but was immed 
restored. Experiment 13, page 415, is also included in this series. 

Leaving out of consideration the flow of bile in the first and se 
periods of Experiments 12, 14, and 15, since, as was pointed 01 
page 413, it may represent the amount secreted during these pei 
as well as the bile previously accumulated, it will be noticed that 
rate of secretion beginning with the second hour of the experimei 
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soon after was less (12), continued practically uniform (14), or even 
exceeded that of the control periods (15). Consequently, it seemed 
probable that the uniformly diminished secretion of bile in the exper- 
iments of Series A after alcohol had been injected was due to the 
action of alcohol. Before drawing any positive conclusions in this 
connection, however, it is desirable to consider the data of experi- 
ments in which the hepatic cells were stimulated to greater activity 
before detertninlng the effect of injected alcohol. A summary of 
such experiments is appended. ' 

SailM B. -~- Effects of alcohol after administration of a cholagogue (ox bile). 
Experiment 15. — Male dog ; weight, 8 kilos. Fed three hours before opera- 
tion. Ether narcosis. Neck of gall bladder ligated. Cannula introduced 
into the common bile duct. Bile was collected in periods of fifteen 
minutes esich. 

Period I. 2.2 Period V, 1.6 

" II. 2.IS " VI. 0.6 

" III. I.I " VII. i.s 

" IV. 1.2 
Total (I-VII), 10.3s <^-<^' ; average, 1.48 c.c 
Bile (VII) very dark. loc.c.ofa ig per cent aqueous solution of dried 
ox bile injected into femoral vein and bile collected in ten minute periods : 
Period Vni. 1.0 Period X. i.g 

IX. 2.0 
Total (VIII-X), 4.5 c.c. ; average, 1.5 c.c 
15 c.c. of 60 per cent alcohol injected into the femoral vein. Bile col- 
lected in ten minute periods. 

Period XI. 1.9 Period XIII. 1.3 
" XII. 1.6 
ToUl (XI-XIII), 4.8 c.c. ; average, 1.6 c.c. 

The rise in the secretion of bile in this experiment after injection 
of alcohol might have been due to some ox bile retained in the proxi- 
mal part of the femoral vein containing the cannula. In the fol- 
lowing experiments with ox bile an effort was made to obviate this 
possibility by injecting the alcohol in two doses, the second fifteen 
minutes after the first. 

Experiment 7. — Male dog ; weight, 18 kilos. Fed about eighteen hours be- 
fore operation. Ether narcosis. Cannula in common bile duct. Bile 
was collected in periods of fifteen minutes each. 
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Period I. 0.8 Period III. o.a 

" II. I.I " IV. 0.4 

Total (I-IV), 25 c.c, ; average, 0.62 c.c. 
Dilute ox bile injected into femoral vein. 

Period V. 2.0 Period VI. 1.5 

Total (V-VI), 3.5 c.c; average, 1.75 c.c. 
32 c.c. of 30 per cent alcohol injected into femoral vein. 

Period VII. 2.0 
ao c.c. of 30 per cent alcohol injected into femoral vein. 
Period VIII. 1.3 

Experiment 8. — Male dog ; weight, 43 kilos. Fed about twenty hours 
operation. Ether narcosis. Neck of gall bladder ligated. Cant 
common bile duct. Bile collected in periods of fifteen minutes 
Secretion of bile scanty. Ox bile injected into the femoral vein. 
Period I. 1.7 Period II. i.a 

More ox bile injected, as before. 

Period III. 1.6 
10 cc. of 30 per cent alcohol injected into the femoral vein. 

Period IV. 1.3 
10 cc. of 30 per cent alcohol injected into the femoral vein. 
Period V. 0.55 Period VII. 0.3 

" VI. a3 

Experiment 11. — Male dog ; weight, 18 kilos. Fed twenty-four hours 
operation. Ether narcosis. Cannula in common bile duct. Se 
of bile estimated by means of the drop recorder. No secretion 
obtained for some time. 15 c.c. of aqueous solution of dried ox b 
per cent) were then injected into the femoral vein. The rate of se 
in fifteen minutes was one drop in thirteen seconds. 40 c.c. of 
cent alcohol were then injected into the femoral vein. The rate ol 
lion of bile in the following fifteen minutes was one drop in fourte 
one-half seconds. 14 c.c. alcohol were injected as before. The 
bile was one drop in seventeen seconds. 

In Experiment 7 the injection of the first dose of alcoh( 
followed by an increased secretion of bile, but after the seconc 
of alcohol there was a marked decline. In Experiment 8 
was a moderate diminution of the flow of bile after the first d 
alcohol had been administered, but it was followed by a decid 
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dine when the dose was repeated. In Experiraent 11, the diminu- 
tion of the secretion of bile was slight after the first dose of alcohol, 
and somewhat greater after the second. 

The secretion of bile after the injection of alcohol {when preceded 
by injection of ox bile) did not show a marked decrease, except in 
Experiment 8. This fact indicates that if alcohol intravenously in- 
jected exerts a depressing action on bile formation, it must indeed 
be very slight for the dose given, since otherwise the cholagogue 
effect of ox bile would have been of much shorter duration in these 
experiments than that exhibited. Moreover the increased secretion 
of bile in Experiments 15 and 7, after the first dose of alcohol, indi- 
cates, in the light of the observations just referred to, that the de- 
pressing action of alcohol on bile formation must be insignificant 
when it is injected into the circulation in the amounts stated, for 
otherwise the delayed admixture with the blood of such small amounts 
of bile as were contained in the cannula or the proximal part of the 
vein in those experiments would have been without any effect on the 
secretion of bile. 

SeilM C. — Does tite intravenous injection of aico&ol influence the 
excretion of the solid constituents of the bile ? To answer this ques- 
tion the following experiments were carried out. As before, the bile 
was obtained under ether narcosis by means of a cannula which 
was introduced into the common bile duct, the usual precaution of 
tying the cystic duct having been taken previously in order to pre- 
vent the flow of bile from the gall bladder. The analysis was made 
on samples collected during periods of fifteen minutes each. The 
bite secreted was received into graduated cylinders and then emptied 
into weighed crucibles. The cylinders were rinsed carefully with dis- 
tilled water and the washings added to the contents of the crucibles. 
The liquids were then evaporated on the water bath and dried to con- 
stant weight in an air bath at about 100° C. The total solids thus ob- 
tained were weighed and carefully incinerated. The quantity of ash 
having been ascertained, the total organic matter was determined by 
difference. The analytic results are presented in the following 
summaries : 

Experiment 35. — Dog ; weight, 13.6 kilos. Fed about four hours before oper- 
ation. Ether anesthesia. Cystic duct ligated. Cannula introduced into 
common bile duct. Bile was collected in fifteen minute periods. 
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Period 


Bile 


Total solid*. 


Organic r 


natter 


Inorganic 


No. 


secreted. 


Per period. 


Pet c.c. 


Per period. 


Per C.C. 


Per period. 




c.c 


mgB. 


mgs. 


tugs. 


mgs. 


nigs. 


I 


3-5 


265-3 


75-8 


32 7-3 


H-^ 


38-0 


II 




.46.2 


73-' 


I2Z.3 


61. 1 


i\.o 


III 


1-7 


II2.S 


66.1 


94-3 


SS-4 


18.2 


IV 


•■3 


82.4 


63-3 


68.7 


32.8 


13-7 



65 c.c. of 30 per cent alcohol injected into femoral vein. 

V '-4 79-9 57-0 64-4 460 iSS ' '■" 

VI 1.2 74.6 62.1 61.5 51.0 13.1 10.9 

VII 1.2 6g.r 57.6 58-7 49-8 10.4 8.6 

VIII 1.3 73.7 s6-7 S8-3 44-8 '5-4 ' >-8 

BxperimenI .?4- — Male dog; weight, 18.8 kilos. Ether narcosis- Cystic 

duct ligated. Cannula introduced into common bile duct. Bile was col- 
lected in fifteen minute periods. 
Period Bile 



ToUl solids. 


Organic 


maiter. 




mailer. 


Per period. 


Per C.C. 


Per period. 


Per C.C. 


Per period. 


Perec 


mgs. 


mga. 


mgs. 


mgs. 


mgs. 


mgs. 


310.0 


72.0 


268.7 


62.4 


41-3 


9.6 


1455 


693 


125,4 


59-7 


20.1 


9.6 


124.9 


73-47 


104.8 


61.6 


20.1 


II.8 


[29.2 


76.0 


IIO-O 


64-7 


ig.a 


"-3 


"31-4 


82.1 


113-0 


70.6 


18.4 


11.2 



80 c.c of 30 per cent alcohol injected into femoral vein. 

VI I.I 77.9 70.8 66.9 60.8 it.o 10.0 

VII 0.5 44-6 89.2 37.9 75.8 6.7 13.4 

VIII i.o 96.1 96.t 81.8 81.8 143 '4-3 

IX 0.5 48.6 97.2 

40 c.c. of 30 per cent alcohol injected into duodenum. 

X 0.9 87,6 97.3 75.8 84.2 it.8 131 

XI 0.8 79.S 99-35 69.5 86.8 lo.o 12.5 

Experimenl 36. — Female dog ; weight, 1 8 kilos. Fed about six hours before 
Operation. Ether narcosis. Cystic duct ligated. Cannula introduced 



into commo 


n bile duct. 


Bile wa 


5 collected in fifteen minute perio 


ds. 


Period Bile 
No. secreted. 


Total solids. 

Per period. Per c.c. 

mgs. ings. 


Orga-ic matter. 

Per period. Per c c, 

mgs. mgs. 


Inorganic 
Per penod. 
mgs- 


Per c'c 
mgs. 


I 1.8 


1.6.4 


64.6 


102.8 57.1 


13-6 


7-S 


II 1.3 


88.4 


68.0 


75-4 58-0 


130 


10.0 


III 1,2 


76.9 


64.0 


64-7 53'9 


r2 2 


10.0 


IV 0.9 


60.1 


66.7 


5>-i 567 


9.0 


lO.O 
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90 c.c. of 30 per cent alcohol injected into femoral vein. 

V o-s 34-1 68.3 28.5 57.0 5.6 II.2 

VI 0.9 S4-9 6»-o 470 S>-2 79 8.7 

VII 0.9 59.7 66.3 S1.8 575 7.9 8.7 

VIII 0.5 34.2 68.4 29.6 59 a 4.6 9.2 

40 c.c of 30 per cent alcohol injected into small intestine. 

IX 1.2 78.8 65.6 68.9 57.4 9.9 8.2 

X 0.8 44.3 55.3 37.2 46.S 7.1 8.8 

The results of these experiments agree in showing a decrease in 
the absolute amounts of solid matter eliminated in the bile after the 
injection of alcohol. But as this might be regarded as a normal vari- 
ation and therefore not due to alcohol, the data of the following ex- 
periments are presented in order to show the output of biliary solids 
in untreated dogs. 

Experimtni 36. — Male dog ; .weight, g kilos. Fed about six hours before 
operation. Ether narcosis. Cystic duct ligated. Cannula introduced 
into common bile duct. Bile was collected in fifteen minute periods. 



Tolal solids. 


Organic i 


natter. 


r period. 


Per C.C, 


Per period. 


Per C.C 


mgs. 


mgs. 


mgs. 


mgs. 


.SI.8 


96.8 


224-3 


86.2 


.19.6 


85.4 


>o3-S 


739 


66.g 


83-6 


57-6 


72.0 


49-3 


98.6 


42-3 


84.6 


449 


89.8 


38-8 


77-6 


4»-3 


'OS -7 


35-9 


89.7 



6.4 16.0 

Experiment S8. — Female dog; weight, 9.35 kilos. Fed about six hours be- 



fore operation. Ether narcosis, 
duced into common bile duct. 



Cystic duct ligated. Cannula 
Bile was collected in fifti 



mtro- 
minute 



periods. 














Period 


Bile 


Total solids. 


Orginic r 


natter. 


Inorganic 


matter. 


No. 


secreted. 


Per period. 


Per cc. 


Per period. 


Per cc. 


Per period. 


Per cc 




cc. 


mgs. 


mgs. 


mg*. 


mgs. 


rngs. 


mgs. 


I 


a-3 


146.8 


63.8 


127.1 


55-2 


.8., 


8.2 


II 


«S 


83.2 


SS-4 


69.7 


46.4 


'35 


9.0 


III 




5^-8 


52.8 


45-2 


4S-» 


7.6 


7.6 


IV 


0.9 


45- 2 


s°i 


38-3 


42.6 


6.9 


7.6 


V 


0.7 


33-2 


47-4 


28.4 


405 


4.8 


6.8 


VI 


0.6 


28.0 


46.6 


23-2 


38.6 


4.8 


8.0 


VII 


0.3 


.5.0 


So.o 


II.4 


41.3 


2.6 


8.7 



„ Google 



William Salant. 



Experiment S9. — Male dog ; weight, about 60 kilos. Etliei 

duct ligated ; cannula introduced into common bile duct. Bile 1 
lecied in fifteen minute periods. 



Cystic 



vm 



0.7 



Total Bolidi. 
T period. Pet c.c. 
n^8. mgi. 


Organic 

Per period. 

mg.. 


matter. 

Perec 
mgs. 


Inoreanic 
Per period. 
mgs. 


matter. 
Perec. 

mgs. 


338.7 112.9 


297.7 


99.2 


40.8 


13-6 


271.2 I17.8 


240.7 


104.6 


3°-5 


13.2 


195.9 «**-4 


174.4 


109.0 


"-5 


i3'4 


2ia.s 125.0 


187.9 


110.5 


245 


14.4 


147-7 "30 


130.6 


108.8 


17.1 


14.2 


"3-S "3-5 
136-5 "3-7 


99.9 
120.5 


99.9 


136 
16.0 


13-6 
>3-3 


74.0 105.5 


64-7 


92.4 


9-3 


'3-3 



As is shown by the protocols on pages 418-419, the total elimina- 
tion of the various solid constituents of the bile diminishes progres- 
sively in the course of each experiment. ■ The volume of secretion in 
Experiments 26, 28, and 29 likewise shows a tendency to decline. 
The moderate decrease in the rate of secretion observed in the 
experiments with alcohol was apparently, therefore, a normal vari- 
ation. It is likewise evident that the output of the solid elements 
of the hile was not appreciably influenced when alcohol was intro- 
duced intravenously. 

8»rlea D, — TAe secretion of bile after the introduction of alcohol into 
the gastro-intestinal canal. 

On finding that the intravenous injection of alcohol affected neither 
the volume of, nor the content of solids in, the bile, attention was next 
directed to an inquiry whether the secretion of bile is influenced by 
introducing alcohol into the stomach or into the intestines. In one 
of my preliminary experiments in this connection (26, Tables I and 
II} the amounts of bile collected in each of three fifteen minute pe- 
riods immediately preceding the injection of alcohol were 0.4 c.c. to 
0-5 c.c. After 18 c.c. of 30 per cent alcohol had been introduced into 
the stomach the secretion of bile rose to 0.9 c.c. in the next fifteen 
minutes. When a second dose of alcohol was similarly administered, 
the results were even more marked. The effects of alcohol, when 
thus introduced, were still more striking in Experiment 29 (Tables I 
and II). The quantity of bile secreted in the fifteen minute period 
before alcohol was administered, was 0.7 c.c. ; after the administra- 
tion of alcohol it increased in fifteen minutes about 2\ times, while in 
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Eip. No. 


Period before 

injection of 

.Icohol. 


Period after 

injection of 

alcohol. 


Percentage 
increase. 


36 


6.5 


i.2 


140 


35 


1.3 


1.3 




34 


as 


0.9 


80 


31' 


(1 hr.) 0.S 


(1 hr.) 1.0 


100 


30 


0.15 


0.7 


365 


29 


a? 


1.8 


160 


26 


a4 


0.9 


125 


25 


0.1 


0.4 


300 


20 


0.2 


a6 


200 


18 


OJ 


0.5 


66 


17 


03 


0.45 


SO 


1 In Experiment 31 tule wa 


collected in one h 


ur period*. 



The Composition of Bile before and after (he Injection of Alcohol into the 
G astro-intestinal Canal. (Bile coUecied in Fifteen Minute Periods.) 



1 
1 


Period before injection 
of alcohol. 


Period after injection 
of alcohol. 


Per cent of increue. 


1 


II 


|1 




-i 
> 


II 


It 

o a 


■g 
< 


i 


II 


li 


1 


36 
34 
26 
29 


6.5 

as 

0.4 
0.7 


34.2 
48.6 
42J 
74.0 


»6 

35.9 
64.7 


64 
9.3 


1.2 

a9 

0.9 
1.8 


87.6 
85.1 
211.1 


6S!9 

7S.8 
74.9 
191.4 


T9 
11.8 
10.2 
19.7 


*■*■ 

140 
80 
125 
160 


130 
80 
100 
185 


132 

108 
195 


lis 

60 
112 
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\.\i^ next five rnxxwyXxs i c.c.of bile was obtained. Further observations 

have, with few exceptions, confirmed the results of the preliminary 

tests. 

As is shown in Table I, the rise in the secretion of bite after alco- 

1 .1 __ -._._. |jjjj,gjj jjjjQ jjjg stomach or intestines was well marked 
riment except in No. 35, in some instances amounting 
nt or even more. In this connection it is of importance 
Icohol was injected a considerable time after the opera- 
m; fully two hours were allowed to elapse in some ex- 
ore the effect of alcohol was tested. Since the rate of 
lile tends to diminish in the course of an experiment, as 
n this investigation, the augmented flow, noted above, 
attributed to alcohol. These results are therefore in 
the observations of the influence of alcohol on other 
ids when that substance was introduced into various 
astro-intestinal canal. 

; been maintained by clinicians and physiologists that 
;astric juice is augmented after the administration of 
IS Kiihne' states that alcohol is a gastric stimulant. 
10 studied its effect on the human subject, found that in 
ntities it increased gastric secretion. The same results 
obtained by Wolf and Blumenau.' Brandl,' experi- 
. dogs provided with gastric fistulas, reported similar 
ittenden, Mendel, and Jackson^ injected alcohol into 
and intestines of fistulous dogs, in varying doses and 
d obtained very large resultant quantities of gastric 
;sults of more recent investigations, in which the action 
gastric secretion (in supplementary stomachs of dogs, as 
Pawlow), have likewise shown that alcohol is a gastric 
hus Radzikowski ' observed that alcohol, whether given 
per rectum, induces the production of gastric juice. 
ere corroborated by Frouin and Molinier,* Pekelharing,* 

ehrbuch der physiologiachen Chemie, Leipzig, 1868, pp. 28, 30. 

: Deutsches Archiv fiir klinische Medizin, 1886, xxxix, p 405. 
itschrift fur klinische Medizin, 1889, xvi, p. 222. 

; Therapeulische Monatshefte, 1890, v, p. 504. 
^eitschrift fiir Biologie, 1893, xxix, p. 304. 
tN, Mendel, and Jackson : Loc. cit. 

SKI ; Archiv fiir die gesammte Physiologic, 1901, Ixxxiv, p. 513. 
d MOLINIEK : Comptes rendus de la soci^t^ de biologie, 1901, liii, 

ING : Wiener klinische Wochenschrift, 1902, xv, p. 826, 
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and, four years later, by Zitowitch,^ all of whom used the same 
methods. 

Jackson^ introduced alcohol into the intestines o£ dogs and like- 
wise obtained increased secretion of gastric juice. Similar findings 
have been reported for the human subject, Metzger* states that 
enemata containing red wine, given to patients, is followed by in- 
creased gastric secretion. Spiro,* after giving per rectum 100 c.c. 
of alcohol dissolved in 200 c.c. of sodium chloride solution as well 
as various alcoholic drinks of the same strength, noticed the same 
effect. Meyer ^ found that, after administering alcohol to patients, 
the acidity of gastric juice was increased. Kast," who gave alcohol by 
mouth or injected it per rectum in the human subject, stated that its 
administration produced an increased flow of gastric juice. Carnot^ 
obtained the same results after giving his patients by mouth very 
small quantities of alcohol. He stated that fifteen minutes after 5 c.c. 
of 65 per cent alcohol had been given there was an increased secre- 
tion of gastric juice. 

That the secretion of pancreatic juice is affected by alcohol in 
a similar way was shown by Claude Bernard,* who observed that 
after giving dilute alcohol pancreatic secretion was accelerated. 
Kuwshinski," and later, Fleig," have reported similar results. Like- 
wise Gizelt ^' has recently shown that in dogs with permanent fistulas 
alcohol, when given by mouth or per rectum, is followed by increased 
secretory activity of the pancreas. He also made the interesting 
observation that when alcohol is administered, after cutting the vagi, 
the secretion of pancreatic juice is not affected. 

That the biliary function of the liver fails to react to alcohol when 
injected into the circulation in the amounts employed by me, but is 
stimulated if alcohol is introduced into some part of the gastro- 

• Zitowitch: Loc.cil. 

^ Jackson : Proceedings of the Society for Experimenlal Biology and Medi- 
cine, 1904, i, p. so. 

• Metzger: Miinchener medizinische Wochenschrift, 1900, xlvii, p. i;;2, 

• Spiho: Miinchener medizinische Wodienschrift, 1901, xlviii, p, 187Z- 
' Meyf.R : Klinischcs Jahrbuch, 1905, xiii, p. 2S5. 

' Kast: liiochemisches Centralblatt, 1906, v, p. 483. 

' Caknot ; Comptes rendus de la soci^ti* de biologic, 1906, be, p. 807. 

' Bgknakd, Claude: Loc. cil. 

» KuwsHINSKL : Dissertation, St. Petersburg, 1888. 
" Fleig; Comptes rendus de la socift^ de biologic, 1903, Ix, p. 1277. 
" Gizelt; Arcliiv fur die gesammte Physiologie, 1906, exi, p. 620. 
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intestinal canal, was further shown in experiments of my own (34 
and 36). 

After injecting alcohol into the femoral vein in Experiment 36, the 
amount of bile collected in the next fifteen minutes was only o.J c.c 
as against 0.9 c.c. in the preceding fifteen minute period, while the 
introduction of alcohol into the small intestine one hour later, was 
followed by an increased secretion of bile amounting, in fifteen min-' 
utes, to nearly two and one-half times that obtained in the period of 
equal length immediately preceding such introduction. Moreover, as 
is shown in the protocol, the secretion of bile during the first fifteen 
minute period after the injection of alcohol into the small intestine 
was more rapid than in any of the five preceding periods of equal 
leng;tbs. 

In Experiment 34 the results obtained, although not so striking, 
are nevertheless quite marked. After the injection of alcohol into the 
intestine, the amount of bile obtained was 0.9 c.c in the succeeding 
fifteen minutes, while only 0.5 c.c, were collected in the period imme- 
diately preceding the injection. In the same experiment, fifteen min- 
utes after the intravenous injection of alcohol, 0.5 c.c. less of bile 
were collected than immediately before such treatment. The increase 
in the volume of secretion was attended also by an increase of the solid 
elements. As shown in Table II, the percentage of total solids in 
Experiment 36 was 130 per cent greater after the introduction of alco- 
hol into some part of the gastro-intestinal canal. In Experiment 29 
the amount rose to 185 per cent. In the other two experiments 
indicated in this table (II), the increase of percentage was much 
less, but was still considerable. The inorganic constituents were 
likewise increased under these conditions, but to a much smaller 
extent, 

Beri«a B. — The secretion of bile after administration of alcohol per 
OS to a dog witk a pennanent complete gall bladder fistula. 

Barbera^ was the 6rst to study the action of alcohol on the secre- 
tion of bile in a dog by means of a permanent gal! bladder fistula. 
He performed three experiments on the same animal; each experi- 
ment was carried out on a different day. He reported that after the 
administration of alcohol (300 c.c, — $ per cent, given by the mouth) 
the secretion of bile remained unchanged. 

I carried out a number of similar observations on a dog by the 
same method. The operation was performed in the usual way except 
' Barbera : Loc. cit. 
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that the cannula suggested by Pawlow ^ was employed. On the 
fourth day after the operation treatment with alcohol was begun. 
The bile was collected by means of graduated cylinders attached to 
the external projection of the cannula. The following summaries 
give the essential data: 

Experiment A. — Jan. 23. Dog fed twenty hours before experiment. Bile was 
collected during a control period of fifteen minutes — 3 c.c. Alcohol, 
50 c.c. of 40 per cent by mouth through a stomach (ubc. 4 c.c. of bile 
were collected in the next fifteen minutes. 
Experiment B. — Jan. 34. 1 1 a. M. Dog fed meat, then given water at 1 1 a. m. 
11.50 p. M. to 1.50 p. H. 4.3 c.c. of bile were collected. At 2.20 p. «. 
50 c.a of 40 per cent alcohol were given by mouth through a stomach 
tube. Bite was collected as follows : 
Period I. 2.30 to 2.35 p.m. 4 cc. Period II. 2.35 to z. 50 p.m. i cc. 
Period III. 2.50 to 3.20 p. m, 1.5 c.c. 
The total amount of bile secreted in one hour af^er the administration 
of alcohol was 6.5 c.c, which represents an increase of 44.5 per cent over 
the control period. The solids were increased in about the same 
proportion. 
Experiment C. — Jan. 25. Dog fasted thirty-four hours. Bile was collected 
as follows : 

8.20 to 8.30 p. M. a5 c.c 8.30 to 8.40 P. M. 0.4 c.c. 

50 c.c. of 40 per cent alcohol were given by mouth through a stomach 
tube. 

8.45 to 8-55 p. M. 1.8 c.c. 8.55 to 9.05 p. M. 0.9 cc. 

The rate of secretion in this experiment is increased by 200 per cent 
as compared with the two control periods. 
Experiment D. — Jan. 27. Bile was collected in periods often minutes each. 
Period I. 1.3 cc. Period II. 2.0 cc. Period III. 0.8 c.c. 

50 cc of 45 percent alcohol given by mouth in the usual way and 
bile collected in ten minute periods. 
Period IV. 4 ex. Period V. 2.6 c.c. Period VI. i.a cc 

In thi3 experiment (D) the improvement in the secretion of bile 
after the administration of alcohol was fully 90 per cent in half an 
hour, while the amount secreted during the ten minute period imme- 
diately succeeding the administration of alcohol was five times as much 
as in the period immediately preceding. The increase in total solids 

' Pawlow : Ergebnissc der Physiologic, 1902, i, p. 273. 
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was quite marked also, but the concentration of the bile was somewhat 
lower, so that the increase of solids did not keep pace with the in- 
crease in volume. In the next experimenl on this dog, which was 
carried out seven days later (February 2), the dog was very much 
emaciated and showed signs of general exhaustion. At times there 
was no secretion of bile; flow did not begin until fifteen to twenty 
minutes after the commencement of the observation. In the next 
ten minutes 1.5 ac. of bile were collected and only 0.6 ex. were ob- 
tained in the following period. Fifty cc. of 45 per cent alcohol were 
then given by mouth in the usual manner. The amounts of bile 
collected in each of the two succeeding periods of ten minutes each 
were 3.3 and i.j c.c. respectively. 

Summary and Conclusions. 

A summary of the results of the experiments reported in this 
investigation may now be presented. 

When alcohol was injected into the circulation, a slight decrease 
in the secretion of bile was observed. Since a progressive diminu- 
tion of the flow of bile in the course of an experiment was often 
noticed before the administration of alcohol, experiments were car- 
ried out on non-treated dogs to study the rate of secretion for about 
two hours in each case. It was found that secretion of bile in such 
animals may, after one or two fifteen minute periods, remain practi- 
cally stationary, may be retarded, or may, on the contrary, even in- 
crease after a preliminary diminution. The amount of bile during the 
first or sometimes also during the second quarter of an hour from the 
time the experiment was begun was usually ignored for purposes of 
comparison, as it probably represented some bile which accumulated 
during the operative procedure. 

A comparison of the rates of secretion in alcoholized and non- 
alcoholized dogs tended to show that alcohol interfered somewhat 
with the secretion of bile. Experiments were therefore performed 
to test whether alcohol when injected into the circulation would 
counteract the stimulating effect of ox bile on the hepatic cells of the 
dog. The results of this line of inquiry were negative. In another 
scries of experiments on non-alcoholizpd dogs the rate of secretion 
of bile was studied for a period of one and one-half to two hours. A 
progressive retardation of the secretion of bile was noticed. Hence 
the conclusion is justified that the rate of the secretion of bile in 
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dogs is not materially changed when alcohol in the quantities used 
in these experiments is injected directly into the circulation. The 
presence of alcohol in the blood did not exert, therefore, any appre- 
ciable action on the biliary function of the hepatic cell in the dog. 

The simitar behavior of the salivary gland toward alcohol under 
like conditions was pointed out by Chittenden, Mendel, and Jack- 
son.^ Their investigations have shown that alcohol has no direct 
eflect on salivary secretion, its action being in all probability re- 
flex, for after the introduction of alcohol into the stomach through a 
gastric fistula, the formation of saliva remained unaffected. The saoie 
was shown for the gastric glands by Jackson,' who noticed that the 
secretion of gastric juice, which took place after alcohol was intro- 
duced into the intestine, failed to occur when that substance was 
similarly introduced after section of the vagi and sympathetic or after 
injection of atropin. The recent work of Orbeli,^ on the influence 
of alcohol on gastric secretion, likewise indicates that alcohol does not 
exert any action on the gastric glands. Thus, when alcohol was 
given per os to dogs after the subcutaneous injection of atropin, 
there was no secretion of gastric juice. In this connection may also 
be recalled the work of Gizelt,* referred to above, who has shown that 
the injection of alcohol after section of the vagi fails to provoke 
pancreatic secretion. The evidence thus far accumulated points 
therefore to the conclusion that physiological doses of alcohol, in 
whatsoever ways introduced into the body, do not exert any direct 
secretory action on the digestive glands. Hence the observed stim- 
ulating effect of alcohol is in all probability nervous in its origin. 

Studies carried out to test the effect of alcohol, when injected 
intravenously, on the solids of the bile, were likewise negative. On 
the other hand, when alcohol was injected into the stomach or into 
the intestines, there was a marked increase in the flow of bile, and 
the solid elements were also increased absolutely and relatively. 
Of the biliary solids the organic constituents were increased some- 
what more than the inorganic' 

A series of observations was also made on a dog with a permanent 
gall bladder fistula. The effects of alcohol given per os were similar 
to those obtained after the administration of alcohol into the gastro- 

' Chittknden, Mendel, and Jackson : Loc. cil. 

* Jackson; Loc. cit. 

' Orbeli ; Archives des sciences biologique, 1906, xii, p. 102. 

' CiZELT : Loc. cit. 
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intestinal canal of dogs with temporary biliary fistulas under ether 
narcosis. 

The increased formation of bile after the introduction of alcohol 
into the stomach or into the intestines may be caused by secretin. 
The administration of alcohol per os is attended by the formation of 
gastric juice, which on reaching the duodenum causes the produc- 
tion of secretin. Secretin may excite not only the pancreas but the 
liver as well. The failure of Rutherford/ as well as Barbera,^ to ob- 
serve an increased flow of bile after administration of alcohol may 
b^ explained on this basis. It has been shown by Spiro* that alco- 
hol fails to induce gastric secretion in achylia gastrica or in cancer 
of the stomach. Rutherford made his observations on a patient 
with a biliary fistula in a case of cancer of the head of the pan- 
creas, and of the common bile duct. Barbera, on the other hand, 
performed his experiments on a dog four months and a half after the 
biliary fistula had been established. In both of these experiments 
the impaired nutrition and altered metabolism of the subject undoubt- 
edly induced a condition similar to those which obtained in the cases 
of Spiro, the administration of alcohol being therefore without any 
effect on the secretion of gastric juice, or on the formation of secre- 
tin, and consequently also without any influence on the formation 
of bile. 

I am indebted to Prof. William J. Gies for bis interest in the 
subject, as well as for numerous courtesies shown to me in the course 
of the research. 

1 Rutherford: Loc.cit. 

' Barbera : Loc. cit. 

' Spiro: Loc. cii. 
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THE MOTOR ACTIVITIES OF THE STOMACH AND 

SMALL INTESTINE AFTER SPLANCHNIC AND 

VAGUS SECTION.' 

By W, h. CANNON. 

\_From Ihe Laberatery of Phyiitilagy itt tht Harvard Midical School^ 

IN a research published two years ago attention was called to a 
difference in the rate of discharge of different food-stuffs from the 
stomach.* Since the gastric peristaltic waves normally run without 
cessation so long as food is in the stomach, the control of the dis- 
chaise into the intestine must lie at the pyloric sphincter. Until 
that sphincter relaxes food cannot pass onward. The question now 
arises, Is the long initial closure of the pylorus when proteids occupy 
th£ stomach, and the relatively brief initial closure and the frequent 
relaxation when carbohydrates are present, due to reflexes from the 
central nervous system, or is the dtfTerence determined by local 
mechanisms .' The question can be answered by cutting the nervous 
connections between the stomach and the central nervous system and 
studying the discharge of food through the pylorus by the method 
employed in the earlier investigation. 

The stomach and small intestine are connected with the central 
nervous system by the vagi and the splanchnics.' Section of these 
nerves in the normal animal and subsequent study of the animal 
without further operation, i. e., by means of the Rontgen rays, re- 
veal the effects of severance of the nervous paths, not only on the 
discharge of food from the stomach, but also on the rate and charac- 
ter of gastric peristalsis, the rate of passage of food through the 
small intestine, the presence of rhythmic segmentation, and other 
activities. 

* A preliminary report of this investigation was made at Ihe meeting of the 
American Physiological Society in December, 1904, and was printed in the Pro- 
ceedings, this journal, 1905, xiii, p. xxii. 

* Cannon : This journal, 1904, xii, p. 387. 

* Starling : Ergebnisse der Physiologie, 1932, i, Biophysik, pp. 450, 454, 459. 
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The Method. 

In the investigation here recorded one series of animals was studied 
with only splanchnic nerves cut, another series with only vagus nerves 
cut, and a third series with entire severance of vagi and splanchnics. 
The animals used were cats- * 

In every instance the animal was etherized during the operation. 
The hair in the region of operation was clipped short, the skin washed 
with soap and warm water, dried with sterile cotton, and finally wet 
with ether. The usual aseptic precautions were observed in pre- 
paring instruments and the operator's hands. After the operatioa 
the skin wound was covered with a collodion-cotton cocoon. 

In order to reach the splanchnic nerves some of the intestines were 
removed from the body cavity, and during the subsequent operation 
were wrapped in a cloth wet with warm sterile salt solution. Usually 
the right major and minor splanchnics, which are more difficult to 
reach than the left, were cut first. A strong thread was in most 
cases tied very tightly about the nerve, and the nerve was then cut 
distal to the ligature. The ligature was not removed from the 
proximal part. The nerve in other cases was picked up in forceps 
and a piece about a centimetre long was resected. 

Severance of both vagus nerves in the neck is followed in the cat 
by difficult inspiration due to improper functioning of the structures 
about the glottis. In order to remove the vagus supply to the stomach 
and intestines without destroying entirely the innervation of the 
larynx, the right vagus nerve was cut below the origin of the recur- 
rent laryngeal branch and, usually in a later operation, the left vagus 
was sectioned in the neck. About one centimetre of the nerve was 
removed in every case. 

When both sets of nerves were severed in the same animal, usually 
both splanchnics and the right vagus were cut first, and later the 
left vagus. 

The cutting of the greater and lesser splanchnics on both sides was 
followed hy almost no appreciable change in the animals. They all 
lived more than a month, and were finally killed because of an inflam- 
mation of the nose and conjunctiva, which spread as an epidemic 
among operated and normal animals alike. After bilateral vagus 
section the cats lived without trouble, with the exception of a tempo- 
rary failure of oesophageal peristalsis, in two cases for over a month, 
in other cases for periods ranging from two to three weeks. They 
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never appeared so vjgorouii as the animals with only the splanchnics 
cut. They also suffered from inflammation of the nose and eyes, 
and were usually killed for that reason. After entire severance of ' 
splanchnics and vagi two of the animals were afHictcd with the pre- 
vailing coryza, one was found dead twelve days after ihe second 
operation, and the remainder were killed by etherization two weeks 
after being operated upon. All of these animals were noticeably 
asthenic. 

Autopsy was made in every case, and the thoroughness of the sec- 
tion of each nerve was completely verified. 

The activities of the alimentary canal were studied in these animals 
at various times after the nerves were cut. As a representative 
carbohydrate food potato was fed, and lean beef was chosen as a 
representative proteid food. These foods were given in 25 c.c. 
amounts, with 5 gm. bismuth subnitrate added to render the mixture 
opaque to the X-rays. These proportions were used in the earlier 
investigation in which the standard rates of discharge from the 
stomach were determined. The temporary failure of the oesophagus 
to function normally after bilateral vagus section necessitated giving 
the food by stomach tube, in order that the standard amount should 
be present in the stomach at the beginning of the period of obser- 
vation. To be forced through the stomach tube the food had to be 
slightly more fluid than it was under the standard conditions. 

Results. 

The movemanu of tha ■tomooh. — After bilateral splanchnic section 
gastric peristaltic waves were always seen, so long as food was in the 
stomach, passing in the normal manner and with the normal rhythm. 

When both vagi were cut, the first effect was often total suppression 
of peristalsis. In two instances in which the second vagus was cut 
immediately after the animals had voluntarily eaten boiled lean beef, 
no gastric peristalsis was observed for four hours; and in another 
instance, in which this operation was done the day previous, no gastric 
peristalsis was seen during the first three hours after feeding. In 
other animals, fed the carbohydrate food, peristalsis was seen a hatf- 
hour after feeding; on one of these animals the second operation, on 
the left vagus, had been performed the day before. Whether, under 
the circumstances of these observations, the different food-stuffs 
have different effects on the initiation of gastric peristalsis was not 
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further determined. In every instance of vagus section, however, the 
peristaltic waves, although recurring with the normal rhythm, were 
at first characterized by being extraordinarily shallow. Sometimes 
they were hardly visible, at other times they could be seen distinctly 
only on the antrum. But the period during which the movements of 
the stomach were late in commencing and were notably weak did not 
long continue; as days passed, these abnormalities largely disappeared 
and the waves started it the usual time and had much of their normal 
vigor. 

When all the extrinsic nerves were cut, the waves of constriction 
coursed over the stomach with the normal rhythm, but these waves, 
almost from the first, contrasted with those observed when the vagi 
alone were severed, in being normally deep contractions. A remark- 
able feature revealed at the autopsy of these animals was the strong 
tonus of the gastric musculature. Through most of the length of 
the «tomach, in two instances, the diameter of the organ ranged 
between 1.5 and 2 cm., a smallness of size almost incredible when 
compared with the diameter of the stomach tilled with food. 

Th« paauge of cwbotijdrate and protvld food from the atomaoh. — 
The rate of discharge of food from the stomach was judged, as in 
the research already mentioned, from the aggregate length of the 
shadows of the food masses in the small inlestine at regular inter- 
vats after feeding. 

I, After splanchnic section. — The following figures represent in 
centimetres the aggregate length of the food masses in the small 
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intestine at regular times after mashed potato was fed, in four cases 
with severed splanchnic nerves. 

Comparison of the above figures with those secured in normal 
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cases' shows that although there is greater variation from the aver- 
age in Che cases with splanchnics cut, there is still preserved in every 
instance the characteristic rapid carbohydrate discharge. In Fig. 1 
is represented graphically the average figures from the above table 
and the average figures which resulted after feeding potato in four 
normal cases. The amount of this food in the small intestine at the 
end of the first and second hours was less in the operated than in the 
normal animals, but the difference is so slight as to leave the curve 
from the operated animals unmistakably a carbohydrate curve. The 
rate of discharge of a typical carbohydrate food from the stomach is 
therefore not markedly changed from the normal by cutting the 
splanchnic nerves. 

How lean beef, as a representative proteid food, is treated by 
the stomach after the splanchnic nerves are severed is indicated by 
the following figures, representing, in four cases, the total length 
of the food masses in the small intestine at the regular times of 
observation. 
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Examination of the averages of these figures and the averages 
obtained in four normal cases^ in which lean beef was fed (see Fig. i ) 
reveals a striking coincidence in the amounts of food in the small 
intestine after the same intervals in the two conditions. From these 
results it is clear that the discharge of a typical proteid food from the 
stomach persists in a quite normal manner and is characteristically 
difTerent from the carbohydrate discharge after total suppression of 
impulses through the splanchnics. 

2. After vagus section. — In studying the rate of discharge of 
' See Cannon : Loc. cit., p. 397. 

' CANNON: Loc. «/., p. 400. 
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mashed potato and Lean beef from the stomach after vagus section 
a wide range of variation was at first observed, especially when the 
proteid food was fed. No ex- 
planation of the differences was 
found until the time interval 
between the severing of the 
second vagus nerve and the 
day of observation was re- 
garded. Then it was evident 
that although the discharge of 
lean beef from the stomach was 
much retarded for the first day 
or two after the vagi were cut, 
there was later a considerable 
restoration of the usual activity. 
The figures on the following 
page represent the total length 
of the shadows of the food 
masses in the small intestine 
at the regular times of observation in four cases in which potato 
was fed, and in two sets of four cases each in which lean beef was 
fed, after section of both vagus 
nerves. The interval since 
the cutting of the second va- 
gus nerve is set down in each 
instance. 

Examination of these fig- 
ures and comparison of the 
averages with the averages se- 
cured in normal cases (see 
Fig. 2) show at once that, in Figure 2. — Curve* showing average aggre- 
gate length of food maasea in the small in- 



FlGUBB 1. — Curves showing average aggre- 
gate length of (he food tnaages in the small 
intestine at regular intervals far seven hours 
after feeding mashed potato in four normal 
cases (heavy continuous line); and in four 
cases with splanchnics cut (heavy dash 
line) j and after feeding lean beef in four 
normal caiies Oighl continuous line) ; and 
in four cases with splanchnics cut (light 
dash line). 




the absence of impulses through 
the vagus and in the presence 
of impulses through the splanch- 
nic nerves, the discharge of 
both carbohydrate and proteid 
is notably retarded. As the two 
tables for lean beef prove, how- 
ever, the retardation after vagus 
section is much more marked' soon after the operation than It Is later. 
In one case, not included in this table, which was observed the day 



lestine at regular intervals for seven hours 
after feeding mashed |}Otato in four normal 
cases (heavy continuous line); and in four 
cases with vagi cut (heavy dash line) ; and 
after feeding lean lieeE in four uormat cases 
(light continuous line) ; in four cases with 
second vagus cut more than nine days be- 
fore {light dash line) ; and in four cases with 
second vagus cut within one day of the ob- 
servation (light dotted line). 
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after the second operation, no gastric peristalsis was seen for the 
6rst five hours of observation. In none of the cases studied within 
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one day after the second operation did any food pass the pylorus for 
three hours after feeding. Clearly, when the vagi are cut, ihe stomach 
suffers at first a considerable disturbance of its normal functioning. 
In a few days, however, this primary defect is largely recovered frotn. 
Even though discharge of both the carbohydra'.e and the proteid 
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from the stomach remains notably retarded after vagus section, there 
still persists the characteristic difference between the treatment of 
the two food-stuffs, — the carbohydrate passes out much more rapidly 
than the proteid food. 

3. After splanchnic and vagus section. — The rate of discharge of 
Food from the stomach when an interval has been allowed to elapse 
after section of all the extrintiic nerves, may be judged from the 
figures in the following tables. These figures, like those in previous 
tables, give the total length of the food masses in the small intestine, 
at the times designated, after potato and lean beef had been fed. 
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Previously in this paper evidence has been presented that there is 
a considerable recovery of normal conditions after the disturbance 
caused by bilateral vagus section. In all the cases of the above 
tables there was a severance of the splanchnics and also of both 
vagi. Thirteen days had elapsed since the second vagus operation 
on three of the animals fed mashed potato, and five or six days had 
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passed since the second vagus operation on the animals fed lean 
beef. Thai there had been at least a partial recovery of the natural 
state during the intervals is shown by the following figures, averages 
from three cases of potato feeding one day after the second vagus 
section : ^ 

Hours after feeding . . } 1 2 3 4 5 6 7 

Cm. of food masses . . 3 10 ZOJ Z7 22 17 14.S U 

The recovery is shown also by the figures of the following table, * 
secured by feeding shredded lean beef one day after the second vagus 
section : 
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Examination of these tables and the comparison with the normal 
conditions which is made in Fig. 3 show that the passage of the car- 
bohydrate food from the stomach occurs at about the same rate as 
when the vagi alone are cut, but that the proteid discharge is more 
nearly normal when all extrinsic nerves are divided than when the 
vagi alone are cut, whether the observations are made within a 
day of the final operation or after an interval of several days. Why, 
under the circumstances of these observations, proteids are more 
normally treated than carbohydrates is not known. The important 
fact, however, is that, with all the splanchnic and vagus impulses 
removed, a characteristic difference between the discharge of carbo- 
hydrate and the discharge of proteid food from the stomach is still 
maintained. 

Tbe paaMge of food tbrongb the amall Intastlii*. — As stated in an 

earlier research, the method used then, and used now again in this 

investigation, does not permit a statement of the moment when 

food first enters the colon ; all that can be reprorted is the first 

' In all cases the splanchnies were cut before the vagi. 



,v Google 



438 



IV. B. Cannon. 



observation when food mixed witii bismuth subnitrate is seen in the 
colon. The following figures therefore show, under different cir- 
cumstances, the number of cases in which, at the hours stated, the 
carbohydrate and proteid food was first seen in the large intestine: ^ 
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In the cases reported in the above tables the most important varia- 
tions from the normal are to be seen in the treatment of lean beef. 
After splanchnic section the rate of passage from pylorus to ileocolic 
sphincter was much accelerated. After vagus section, on the other 
hand, the passage was slower than normal, for in only two out of the 
four cases in which lean beef left the stomach at the usual time did 
it reach the colon before the end of seven hours after feeding. One 
of the two cases presented an exceptionally rapid passas^e through 
the small intestine. In two of the cases observed within a day of the 
second vagus operation the beef was being churned in the stomach 

' A zero in the final columo indicates that in some or all of the four cases 
nothing had appeared in the large intestine at the end of seven hours after 
feeding. 
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by peristaltic waves, and was present also in considerable amount in 
the small intestine, twenty-eight hours after feeding. When the 
isplancbnics as welt as the vagi had been cut, there was still a delay in 
the appearance of* material in ^ 
the colon after lean beef was ^ 
fed. In one instance, however, 
in which the passage through ** 
the small intestine occurred in ^ 
an unusually short time for lean 
beef (four hours), large masses 10 
of food were seen moving slowly 
and steadily through the coils, hw 
evidently being propelled by y\q\ 
peristalsis. This steady move- 
ment of food in the gut I have 
rarely seen except in some of 
these cases of entire section of 
vagi and splanchnics and in ani- 
mals that had been given strong 
cathartics. 

Thecarbohydratefood passed 
through the small intestine un- 
der the various conditions of op- 
eration with less variation from 





/\ 


^ V 




^~ 


K" i^^'-^i-i. 


■f y-f 1 TcirH 


.41 M 4-+--T -fSi' 


Vf- 



.J i 2 3 4 B a T 

IE 3. — Curves showing average aggre- 
gate length of food masses in the small in- 

aftet feeding mashed potato in four normal 
cases {heavy continuous line); and in Four 
cases with splanchnics and vagi cut (heavy 
dash line) ; and after feeding lean beef in 
fonr normal cases (light continuous line); 
in four cased with splanchnics and vagi cut, 
and live or six days since second vagus oper- 
ation (light dash line); and in four cases 
similarly operated, but with only one day 
since the second vagus operation (light 
dotted line). 



the normal than did the proteid food. Potato reached the large 
intestine after not more than an hour's delay beyond the normal 
in all cases save two. It is noteworthy that these were cases of 
vagus section. Indeed the abnormally high level of the carbo- 
hydrate curve after vagus section (see Fig. 2) is undoubtedly due 
largely to slow progress of the food through the small intestine 
under these circumstances. 

Rhythmic segmentation was observed in every condition of nerve 
section. Peristalsis was prominently exhibited in some of the ani- 
mals with splanchnics and vagi cut, but only when lean beef was fed 
did this marked peristalsis produce unusually rapid transit from the 
stomach to the colon. 

DrscussroN of Results. 
The stomach, according to most observers, is influenced by im- 
pulses through the splanchnics in an inhibitory manner alone, but 
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Morat,^ who worked mainly on dogs, noted instances of a motor 
effect, and May,^ who used rabbits, cats, dogs, and monkeys, con- 
cluded that the splanchnic nerves have no direct influence whatever, 
either motor or inhibitory, on the muscular wall ofthe stomach. On 
the movements of the small intestine the very careful work of Bayliss 
and Starling ^ has disclosed only an inhibitory action of the splanch- 
nic impulses. The quite normal mechanical treatment of the food 
by the oesophagus, stomach, and intestines, after splanchnic section, 
indicates that the splanchnics, in the presence of vagus influence, 
are certainly not required for the continuance of the normal motor 
activities of these organs. 

For the vagus nerve both motor and inhibitory effects on the 
stomach have been described. May, working with Starling, found 
that after ordinary stimulation of the vagus a short initial inhibi- 
tion of the movements was followed by much more vigorous per- 
istalsis and an increased muscular tonus.' On the small intestine 
almost all observers ascribe to the vagi an excitatory effect. Bayliss 
and Starling' found invariably that stimulation of these nerves pro- 
duced, after only a momentary inhibition, a marked and prolonged 
augmentation of the contractions of the circular muscles. Although 
the vagus nerves are not necessary for contractions of the walls of 
the alimentary canal, the presence of vagus impulses, when the 
splanchnics are active, is apparently required in order to maintain a 
vigorous activity. When the splanchnics are intact and the vagus 
impulses are removed, gastric peristaltic contractions are at first late 
in starting, and are so weak as scarcely lo impress the stomach out- 
lines; the discharge through the pylorus is slow; and the passage 
through the small intestine is under the normal rate. This primal 
depression of the movements of the gastro- intestinal canal after cut- 
ting both vagi must not, however, be regarded as persistent, for there 
is later a respectable recovery of efficiency by all the motor activities 
ofthe canal. 

Observations on the isolated stomach'' and on the isolated intes- 

' Morat: Archives de physiologic. 1893, xxv, p. 142. 

* May : Journal of physiology, 1904, xxjti, p. 271. 

* Ravliss and STARLING : Journal of physiology, r90I, xxvi, p. 138. 
' May : Loc. cit., p. 264. 

* Bayliss and Starling : Journal of physiology, 1899, xxiv, p. 142, 

' HoFMEisTER and Schutz: Archiv fiir experimentelle Pathologic und Phai^ 
makoiogie, 1886, xx, p. 7. 
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tine^ have proved that these organs are capable of the performance 
of characteristic movements wholly independent of connections with 
the central nervous system. It was to be expected, therefore, that 
gastric and intestinal peristalsis and rhythmic segmentation would 
occur quite as usual after section of all splanchnic and vagus nerves 
in animals otherwise normal. The interesting feature of the observa- 
tions on animals with all extrinsic nerves cut was the improvement 
in the motor activities over the condition in which only the vagi were 
cut. Gastric peristalsis, the discharge of proteid from the stomach, 
and the passage of both, proteid and carbohydrate through the small 
intestine were &11 more nearly normal when there was no connection 
between the gastro-intestinal canal and the central nervous system 
than when the splanchnics alone were intact. This difference indi- 
cates that the abnormality of functioning after vagus section was 
due, not only to the absence of tonic motor impulses through the 
vagi, but also, in part, to the depressing influence of the splanchnics. 

Again in these cases of total isolation of the stomach and the small 
intestine from the central nervous system, the immediate efTect of 
removing vagus impulses is a failure of these organs to act as natur- 
ally as they act later. Although the motor functions of the gastro- 
intestinal tract can be performed by muscular contraction alone, or 
through local nervous mechanisms, an energetic performance of 
these functions appears dependent upon impulses through the vagi. 
The vagi seem to support the operations of these outlying mechan- 
isms in a tonic manner. When this support is removed, the motor 
activities may be temporarily suspended or much less effective than 
normal ; later, however, the local control proves itself able to manage 
the movements with approximate naturalness. 

It is clear that the persistence of characteristically different rates 
of discharge of proteid and of carbohydrate food from the stomach 
after splanchnic section, after vagus section, and after severing both 
sets of nerves in the same animal, definitely proves that the control 
of the differential discharge is local and not mediated through the 
central nervous system. 

Summary. 

One series of animals was studied with only splanchnic nerves cut, 
another series with only vagus nerves cut, and a third series with an 
entire severance of splanchnics and vagi. 

1 Bayliss and Starling: Journ&lof pbyaiology, i899,xxiv, p. 103; 1901, xxvi, 
p. 125. Also Magnus: Archiv fiir die gesammle Physiologic, 1904, cii, p. 1Z3. 
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Splanchnic section resulted in no change of the normal w 
of any part of the alimentary canal. Proteid and carbohydrate food 
passed through the pylorus at practically the normal rates, but the 
transit of proteid food from pylorus to ileocolic sphincter was much 
accelerated. There was no acceleration when carbohydrate food 
was fed. 

Vagus section resulted primarily in a tardiness in the starting of 
gastric peristalsis, a marked weakness of the peristaltic constrictions, 
a retarded and slow discharge through the pylorus, especially when 
proteids had been fed, and a slow passage through the smalt intestine. 
These primary effects were largely recovered from within a few days. 

After combined splanchnic and vagus section gastric peristaltic 
waves, unlike those seen when the vagi alone were cut, were, almost 
from the first, normally deep constrictions. At autopsy of these cases 
the stomach was usually found strongly contracted. As in the cases of 
vagus section, there was after operation immediately a retardation 
of the discharge through tlie pylorus, and later a partial recovery of 
the normal state. After this recovery the proteid discharge was 
more nearly normal than when the vagi alone were cut; the carbo- 
hydrate discharge remained about the same. The transit through 
the small intestine was slower than normal. 

Rhythmic segmentation of the contents of the small intestine was 
seen in every condition of nerve section. 

The characteristic rapid discharge of carbohydrate food and slow 
discharge of proteid food from the stomach, maintained after vagus 
section, after splanchnic section, and after combined splanchnic and 
vagus section, confines the differential discharge of proteids and 
carbohydrates through the pylorus to a local control. 
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I. Introduction. 

THE Protozoa have been made the experimental objects for the 
solution of important physiological problems. The processes 
of these animals have been found so much dependent upon the con- 
ditions of their liquid environment that the subject of their culture 
and experimental media has become one of fundamental importance 
in any investigation dealing with them. It has become clear that 
the results obtained must be defined as certain functions of the par- 
ticular conditions, physical and chemical, which prevail in the solu- 
tions that constituted the media in which they were raised. The 
intimate relation between a living cell and its liquid environment is 
still much in want of elucidation. In this first part of the present 
paper some methods will be described and data will be reported 
which relate to the study of mass cultures of Protozoa. The subse- 
quent parts, data for which have been obtained but not yet published, 
will deal with the progressive chemical and physical changes in these 
culture media together with their simultaneous biological change, 
also with the relations of the contained organisms to solutions of 
acids and alkalies, and to pure water, as their media. 
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My attention was first called to a closer study of the media id 
which Protozoa grow by the fact that a hay infusion in which numer- 
ous species were growing abundantly failed to develop others which 
were introduced into it in sufficient numbers to seed it. Much 
later, however, in the history of the same culture the seeded species 
would show a period of abundant development, although the great 
majority of the animals that had been used for seed died soon after. 
Omitting details for the present, I have shown that different species 
of Protozoa develop in a serial order in a hay infusion made and 
treated as will be presently described, and further that this order is 
irreversible in natural cultures. The explanation of this biological 
phenomenon was sought in the physico-chemical conditions. Other 
explanations which suggested themselves will be discussed subse- 
quently, but they do not seem to me to apply equally well to the data 
which were obtained. 

During the progress of the present work I enjoyed the privilege 
of frequent conferences with Dr. A. T, Lincoln of the Department of 
Chemistry, and for this kindness I am under much obligation to htm. 
I desire also to thank the authorities of the chemical department for 
their kindness in lending me necessary apparatus. 

II. The Physico-Chemical Description of Culture Media. 



In order to answer the questions whether the fixed order of succes- 
sion characteristic of these cultures is due to a regular series of 
changes in the conditions of the media, it is necessary to devise 
methods for determining their physical, chemical, and biological 
nature and content. The biological aspect of this subject I shall 
defer to subsequent parts of the paper. In general, it is evident 
that the physico-chemical definition of a cultural or experimental 
medium would be of great value. It is also true that in the present 
state of our knowledge accurate and complete definition of the con- 
ditions of a solution such as a hay infusion which contains decompos- 
ing organic matter is impossible. Even in the case of experimental 
media consisting of pure aqueous solutions of salts, physical chemis- 
try fails to give us the desired definition, especially when several 
salts are contained in the medium. Culture media, natural or artiii- 
ciul, usually consist of water, inorganic salts, dissolved gases, and 
organic matter which includes foods and some of the metabolic 
products of the organisms. Even when organic food with its liabil- 
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ity to decomposition is excluded from an experimental medium the 
complexity of the latter is still enhanced by the formation of meta- 
bolic products, both organic and inorganic. We are far from a satis- 
factory knowledge of organic decomposition products on the one 
hand, and on the other the theory of solutions fails us most in just 
those cases which occur with the greatest frequency, i. e,, in complex 
mixtures of salts. It is evident that only an approximate definition 
of the media is at present attainable. But still other limitations ap- 
pear when the mattcr^is viewed not simply from the chemist's stand* 
point but alsojfrom that of the biologist. The latter would like to 
examine these media in the actual condition in which they act upon 
organisms. The end results of a chemical analysis calculated back 
to their supposed original condition do not very well serve the pur- 
pose of the physiologist. Physical chemistry has already done much 
service in the description of the internal conditions of solutions so 
far as they are defined by direct measurement, and this much is true 
regardless ofjwhat the theory of the significance of these measurements 
may be. 

At this point we may pause to consider the relation of this effort 
to define media by physical and chemical characters to the theory or 
theories of solution. All such characters as are directly observed or 
measured are of course independent of the changes which the theory 
of solution may undergo, and such determinations serve reliably for 
the comparison of physiological conditions in natural or experimental 
media, this purpose being one for which the determination of these 
characters is recommended. But we can go still further upon firm 
ground. It should be emphasized that the question whether these 
measurable characters or conditions of solution are physiological 
factors as well may also be tested by direct experiment independently 
of the theories of physical chemistry. Illustration of this fact will 
occur in the subsequent parts of this paper. Simply the determina- 
tion of the interrelation between physiological activities of cells and 
the physical and chemical conditions of their liquid environment is 
one of the extensive and important problems of biology. This prob- 
lem need not and should not wait for the completion of a theory of 
solutions. This safe and stable ground should be recognized as a 
permanent bond between physical chemistry and physiological biology. 
When physiological interpretation is made to depend for its validity 
upon a given theory of solutions, then of course it stands or falls 
with the latter. The biologist should clearly recognize the distinc- 
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tion between these two phases of the relation of his work to physical 
chemistry. Both phases are represented in the present paper. Most 
of the methods recommended and most of the facts presented rest 
upon direct observation and measurement. In some cases I have 
developed the results so obtained according to a theory of solutions^ 
but I have aimed to make such development clearly recognizable by 
the reader. 

We may now return to the consideration of some other peculiari- 
ties of this problem as it is seen from the biological standpoint. For 
the biologist it is impracticable to use for a single analysis the large 
volume of his culture liquid which the chemist is accustomed to 
use and which is considered necessary to insure accuracy. For the 
biologist it is important that the physical and chemical determina- 
tions require but small quantities of the liquid in order that he may 
have enough of the same medium remaining for further observation 
and for subsequent determinations. The physico-chemical examina- 
tions must not involve the necessity of bringing the experiments 
to a close. It may be possible, but in most biological laboratories it 
would be exceedingly inconvenient, to deal with very large quantities 
of the kind of media here in question. If the frequent estimations 
required result in the use of small quantities as the basis of ordinary 
chemical analysis, then the quantitative results obtained must not be 
regarded as correct in their absolute values, but they must neverthe- 
less be sufficiently accurate to be valid for the purpose of comparison 
with other values obtained under similar conditions. Another fact 
resulting from the conditions under which the biologist works is that 
volumetric chemical determinations should be selected, whenever 
possible, instead of those which are gravimetric. All the above con- 
siderations lead to the conclusion that only approximate and com- 
parative definition of media for the service of biology is at present 
possible. This fact by no means minimizes the great necessity and 
the usefulness of such a description of the conditions which prevailed 
in the environment of the animals when the results of a given inves- 
tigation were obtained. Discrepancies between the work of different 
investigators u[)on the same species or of the same investigator at 
different times would thus find a probable clue to explanation. An- 
other important advantage would be the limitation of results to a 
given set of conditions until their wider application had been proved. 
All these considerations have their valid basis in the fact, now well 
known to investigators familiar with the objects, that living cells are 
very delicately adjusted to the conditions of their liquid environment. 
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III. The Management and Development of Hay Cultures. 

The scheme of determinations here presented which serves at least 
for an approximate description of the physical and chemical condi- 
tions of a liquid medium, was developed in connection with the study 
.of hay infusions used for the growth of mass cultures of Protozoa. 
The principles which determined the applicability of the methods to 
this medium were then seen to apply to practically all common liquid 
media, although these may differ much in their quantitative aspect. 
The methods are perhaps best explained in connection with their ap- 
plication to a hay infusion, and I shall first describe the preparation 
and care of this medium. 

The following method has been followed so often in this laboratory, 
both for the purpose of investigation and for the growth of class- 
room material, that the course of development of cultures so managed 
has become predictable. The final volume of the majority of cul- 
tures prepared was about 7590 c.c, or about two gallons. For this 
amount of liquid a small handful of timothy hay was used, and this 
was found to weigh about 30 gm. or about one ounce. The quantity 
of hay need not be accurately weighed or measured. The effect to 
be expected from somewhat larger or smaller quantities is simply 
an increase or diminution respectively in the length of time required 
by the culture to run through its cycle of changes to complete ex- 
haustion, i. e., to biological sterility. Other kinds of hay and other 
forms of organic nutriment have given considerably different results 
than those here described. The hay is covered with a sufficient pro- 
portion of the whole quantity of water to be used to immerse all the 
hay, and it is then heated to boiling, and this is continued for a few 
minutes! I am in the habit of performing this process in an iron 
kettle used for this purpose only. In the meantime the unboiled 
portion of the water is placed in the vessel in which the culture is to 
be set. Glass jars are best adapted to this purpose because they 
facilitate observation, but stoneware vessels may also be used. When 
the boiled material has partially cooled, it is transferred, including 
both the infusion and the solid hay, to the remaining cold water which 
has been placed in the culture jar. The hay has been boiled for sev- 
eral reasons, one of which is to drive the air out of it, soak it with 
water, and so make it heavy enough to sink to the bottom of the jar. 
This prevents it from interfering with observation of the surface and 
sides of the jar, which it would do for some time if it were introduced 
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in the dry form. Other effects of the boiling will be described subse- 
quently. Two important features of this method of setting a culture 
are the boiling of only a portion of the total volume of water and the 
retention of the boiled hay in the medium. The absence of the solid 
hay will simply give a short-lived culture which would not last long 
enough to develop the characteristic biological cycle to be described 
later. I have not found the kind of water used to be a matter of 
much importance so far as merely raising a successful culture is con- 
cerned, but if any experiments which involve physiological conditions 
are to be performed upon the animals, then the question of the water 
used as a solvent may become of much importance. Animals of the 
same species but originating from different conditions have fre- 
quently shown marked physiological differences. The cultures I have 
studied have been made, some with tap water that contained a con- 
siderable proportion of inorganic salts in solution, some with the 
water of a flowing stream or of a stagnant pond, and some with dis- 
tilled water. Rain water might also be used. Barring natural water 
containing poisonous mineral salts, it is of less importance to select 
a given kind of water than it is to be able to determine the charac- 
ter of the medium prepared with it. After a given water has had 
boiled hay added to it, its original character is no longer of much sig- 
nificance. A culture medium prepared as above described is now 
ready to be seeded. If proper precautions were taken, these cultures 
could be seeded with one or a few species of Protozoa, but the pres- 
ence of bacteria is also necessary to produce the normal course of de- 
velopment or of decomposition in the culture. In these studies and 
in the growing of class material the object was to produce a mass cul- 
ture of as many different organisms, plant or animal, as were at any 
time adapted to the varying conditions. Seed for a new culture was 
taken from any or all old cultures in the laboratory, and consisted of 
some of the liquid, portions of zooglcea, solid and decaying hay, and 
a representative collection of the organisms to be found in the growth 
area which develops on the walls of the jar near the surface of the 
liquid. A new culture may also be seeded with aquatic material of 
all sorts collected in the field. Decaying leaves, slimy sticks, and 
smalt portions of the water which has been agitated so as to disturb 
the sediment at its bottom furnish good material. Frequently the seed, 
wherever obtained, does not, upon examination, seem to be rich in or- 
ganic forms, but unobserved and unexpected forms may nevertheless 
appear in the culture later in abundance. Nor is it by any means cer. 
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tain that forms which are introduced in abundance will flourish, and in 
some cases they will nearly all die off at first, only to appear in large 
numbers later. For the explanation of these peculiarities a ready in- 
dication may be obtained from a comparison of the physico-chemical 
conditions as shown by quantitative methods, of the medium from 
which the seed material originates, and of the hay infusion into 
which it is introduced. Old cultures that have nearly or entirely run 
through the characteristic cycle may be revived and caused to repeat 
the cycle in apparently every particular by rc-fceding the culture with 
solid hay and its infusion prepared exactly as for a new culture. For 
this purpose re-seeding is of course omitted. After preparing the 
media and seeding them, the culture jars are to be kept covered, 
preferably with a pane of glass, to prevent undue evaporation which 
would give rise to a concentration of the dissolved salts not due to 
the metabolism of the medium or of its contained organisms. The 
cultures are to be labelled with a date number, so that their age is 
easily determined when they are under observation. They should be 
kept in a warm place at or above room temperature, and preferably 
with always the same side towards the light. Upon the illuminated 
side a green layer of algje will gradually appear. If gas bubbles 
raise the hay to the top, it may be pressed down with a glass rod, 
otherwise the culture liquid should never be agitated except for defi- 
nite experimental reasons. Through some cultures I have led con- 
stant or intermittent currents of air which somewhat modify the 
course of development. 

I shall next describe some of the processes which occur in the cul- 
ture liquid and their measurement. On the day when prepared the 
liquid has a straw color. When the culture is a day old, this color is 
still lighter, and if the temperature has been warm enough, some gas 
bubbles appear which may become sufficiently abundant to lift the 
hay to the surface. This gas is principally CO^. Other gases dis- 
tinguished from this by their odors may be evolved in greater abun- 
dance later. Old cultures have a darker or brown color, and the same 
culture liquid passes through all gradations from light straw to dark 
brown colors. Treatment of a portion of this liquid in a test tube 
alternately with acid and with alkali shows that the hay contains a 
coloring matter, sensitive enough to act as a rough indicator for H 
and OH, and hence mere inspection shows to the experienced eye the 
condition of a culture, and, moreover, its relative age. The light and 
yellowish shades of color are due to acid, the darker and brownish 
shade to alkali. 
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Another condition easily ascertained by direct observation is that 
the liquid, though colored, is clear when first prepared, but after a day 
or longer it has become turbid. Microscopical examination of the 
clear liquid shows relatively few bacteria, but the turbid liquid is 
found to contain millions of them, I have never determined the 
specific kinds of bacteria, but I have observed sufficiently to see that 
practically the same forms are characteristic of the same cycles of 
these cultures. 

The data thus far obtained indicate that' the bacteria introduced 
with the seed material are the primary agents in the metabolism of 
the_culture. To their fermentative action upon the carbohydrate 
extracted from the hay we may ascribe the abundant production of 
COj, and the very acid condition of the medium during the first few 
days of its history. Of course other acids, e.g., lactic, are no doubt 
also produced, and other matter than carbohydrate is also fermented, 
but probably in much smaller amount, and more so at a subsequent 
period. Appropriate methods of determination, described below, will 
give us some information on this point. The bacteria themselves 
may be regarded as constituting the primary source of food for the 
Protozoa, f. ^., Paramsecium, which soon begin to multiply with great 
rapidity. Observation will show that some of the Protozoa, e. g., 
Stentor cceruleus, prey upon the animals of the same group. Fre- 
quent microscopical examination of the food content of various 
Protozoa has shown that this mode of feeding is not of much quanti- 
tative significance, and that bacteria and algae are the main food 
supply of the various animals found in the cultures. Observation 
shows that the number dying as prey is relatively small compared 
to the number of new organisms arising by a rapid rate of multipli- 
cation when the organism preyed upon multiplies under favorable 
conditions. The succession of organisms in the culture cannot be 
satisfactorily explained by the unaided supposition that the animals 
prey upon each other. Upon the theory that oxidizable food matter 
is osmotically absorbed from the surrounding solution by the Protozoan 
cell, I am content to leave the burden of proof for that proposition. 
The first biological period in the history of the culture may then be 
regarded as that of the bacteria, and other cycles characterized by 
predominant species of Protozoa follow in fixed and regular order. 
Without determining this order at present we may now turn to the 
determination of the conditions under which these animals will 
develop. 
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IV. Qualitative Examination of Culture Media. 

If a few cubic centimetres of the straw-colored liquid be placed in 
a white porcelain evaporating dish and the indicator phenolphthalein 
in solution added, the liquid fails to develop the characteristic red 
color which would appear in the presence of a certain excess of OH. 
Hence, according to the theory of indicators, the liquid contains more 
H ions than are produced when phenolphthalein dissociates, thus per- 
mitting the red color of its anions to become visible. In other words, 
the concentration of H ions is too great to permit the dissociation of 
phenolphthalein. If now the same liquid be boiled even a very short 
time, the phenolphthalein becomes red. Evidently the original 
acidity was due to a volatile acid, mostly carbonic. If the reaction 
of another portion of the culture liquid be tested with methyl orange, 
it will fail to develop the characteristic pink color which would appear 
in the presence of a certain excess of H, According to theory the 
liquid contains fewer H ions than are produced when methyl orange 
dissociates, and so permits its yellow anions to become visible. In 
other words, the concentration of H ions is too small to interfere with 
the dissociation of mtthyl orange. The behavior of the liquid with 
these two indicators points to the presence of acid salts, which in 
this case will be found to be mostly bicarbonates. 

Evaporation of 10 c.c. of the filtered culture liquid in a crucible 
leaves an abundant yellowish brown residue, which chars upon the 
application of a red heat, finally leaving a colorless mass of inorganic 
salts. The charring is due, of course, to the presence of organic 
matter held in solution and not to organisms suspended in the me- 
dium, provided the filtration which preceded evaporation was properly 
performed. All organisms larger than the bacteria should be separated 
from those portions of the culture liquid which are to be used for most 
of the determinations to be described. Hard pressed Biter paper 
(Schleicher and Schuell's No. 575) serves well enough for approxi- 
mate results. Under some circumstances the paper may easily clog. 
A better and more rapid method consists in the use of a filter pump 
to partially exhaust the air from underneath an asbestos filter made 
of any desired thickness and compactness from fine washed asbestos. 

At this stage an ordinary qualitative chemical analysis is indicated 
if the operator is dealing with a kind of culture liquid which he has 
never examined in this way. After he has once well oriented himself 
regarding a particular kind of medium which he may be preparing 
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repeatedly, the qualitative tests may be omitted when fresh quanti- 
ties are prepared by the same rule. The experimenter with organic 
culture liquids must not deceive himself with the proposition that 
because such a medium is repeatedly prepared by the same empirical 
method the quantitative results produced are also uniform. It is just 
this point that requires objective proof before reliance is placed upon 
it in a continued series of experiments. Particularly is this true when 
the ensuing biological phenomena are supposed to be due to the 
physical and chemical conditions of the medium. When in this case 
the experimenter presents neither qualitative nor quantitative investi- 
gation into the character of the medium with which he is producing 
the results described, his interpretation of these results may very 
justly be regarded as wanting in sufficient and necessary evidence. 
These observations are worth making in order that the experimental 
zoologist be not less critical with his means of investigation than the 
chemist and the physicist. ■ If the zoologist is to deal efficiently with 
problems in the physiology of animals, he will have to add to scalpel, 
microtome, and microscope, highly valuable as they afe, a working 
knowledge of at least some chemical and physical determinations. 
The fact that chemistry and physics cannot yft give a complete ac- 
count of an organic culture liquid does not diminish the force of the 
preceding observations. The logical analysis of biological phenomena 
requires all the data now obtainable. All the above observations 
apply with equal or greater force to the preparation and use of experi- 
mental (not cultural) media consisting of solutions of pure inorganic 
salts. A general principle which applies to the study of the inter- 
action between organisms and liquid media, whether the latter be 
organic or inorganic, is that the experimenter must determine objec- 
tively the successive changes which any medium necessarily under- 
goes when a living organism inhabits it. This constitutes a laboratory 
study in ecology made upon a kind of environment, the liquid, which, 
from the standpoint of the cellular structure of all organisms, is of 
almost universal occurrence. 

From this digression we may return to the qualitative analysis. 
As a guide Prescott and Johnson, :05, may be used with much advan- 
tage. After the preliminary tests already described the operator may 
proceed with a systematic scheme of analysis. For a description of 
the necessary operations reference must be made to the above-named 
authority. I have never found the quantity of organic matter in hay 
infusions made as previously described, to be sufficient to interfere 



,v Google 



Chemical Studies on the Cell and its Medium. 453 

with the ordinary tests, except in some cases, by reason of the pro- 
nounced color of the liquid. In the examination of any medium 
where it becomes desirable or necessary to remove organic matter, 
this is best done by the methods recommended by Hoppe-Scyler, :o3, 
pp. 391-394. The liquid is treated with some excess of sodium car- 
bonate, evaporated, and then charred and ignited at as low a tempera- 
ture as possible. This process reduces losses from volatilization to 
a minimum. The residue may then be used for the ordinary course 
of analysis. Na and COg must of course be sought in another por- 
tion of the original liquid. In some cases it may be permissible for 
the operator to assume the absence of the metals of the first and 
second analytical groups, as classified by Prescott and Johnson, be- 
cause they are poisons not likely to occur in the materials which he 
carefully selects, but for certainty demonstration is indispensable. 
Lead in waters, fixing agents from laboratory utensils, etc., must be 
guarded against. Usually ihe examination for metals of the third 
group, i. e., Fc, Cr, Al, will be the first part of the analysis that will 
show the positive presence of certain metals. As the presence of 
phosphoric acid would complicate the analysis of the third and of 
succeeding groups, and as this acid may frequently occur in organic 
liquids, its presence or absence must be established before proceed- 
ing. The residue from 10 c.c. of hay infusion obtained as previously 
described was dissolved in water, acidified with nitric acid, and tested 
for phosphoric acid with ammonium molybdate. No precipitate and 
no color change whatever followed the use of this reagent, thus dem- 
onstrating the absence of phosphoric acid. As a control test, a trace 
of K^HPO^ was added to 10 c.c. of the original culture liquid, and 
exactly the same procedure for phosphoric acid was performed, and a 
positive result obtained, as evidenced by the yellow color due to a small 
quantity of ammonium phosphomolybdate. For certain purposes it 
might become advisable to conduct the qualitative examination upon 
the residue from the concentration of a large amount of liquid. Using 
only small quantities of the hay infusion, the following radicals were 
proved to be present: Fe, Al, Ca, Mg, K, Na, NH„ CO3, CI, SO,. 
Examination of the medium at a different stage of its development 
might show additional substances present, e. g., HjS. These would 
consist of transition products standing between organic matter and 
its final mineralized products. I am indebted to the State Water 
Survey of Illinois for the following mineral analysis of the Univer- 
sity Water Supply, with which the above-described hay infusion was 
made: 



,v Google 



Amos W. Peters. 



KNO, . 
KCl . . 

NaCl . . 
Na,SO, . 
Na,CO, . 

CNH,),CO, 



ParM 




per million 


combinations 


0-4 


MgCO, 


4.8 


CaCO, . 


2.0 


FeCO. 


3-6 


AljO, . 


63.1 


SiO, . . 



398.9 



It appears that the hay added no qualitatively new constituent in 
appreciable amount except its organic matter, but of course the 
quantitative relations are probably much altered, and on this point 
the determinations to be described later furnish satisfactory data. 
The progressive alteration of this organic matter begun by the bac- 
teria furnishes the explanation for the fact that this medium is not one 
environment, but is a series of these, each characterized by a fauna 
delicately adjusted to its special conditions. Our immediate problem 
is to find some means of distinguishing these stages from each other. 

V. Selection of Qcjantitative Determinations. 

At the beginning the most evident change is the production of 
CO3. There is not enough base present to hold all the COj pro- 
duced in chemical combination, nor is there sufficient liquid to hold 
it all in solution under the existing atmospheric partial pressure. If 
we desired to measure all the COj produced, this would be entirely 
feasible by the method which was devised by Barratt, :05, pp. 66 £E. 

In the present case we desire a measure of only that quantity of 
HaCOs, or of any other free acid, which may arise from organic pro- 
cesses with which thcorganisms in the medium must live in contact. 
This can be accomplished by titrating under certain conditions a 
given volume of the culture liquid with a standard aoi m NaOH 
solution, using phenol phthalein as an indicator. I shall call this deter- 
mination simply X.\ie. phenotpkthatein acidity. Its significance is both 
chemical, with reference to the carbon metabolism of the culture 
medium, and physiological, owing to the great activity of acidic H 
upon living organisms. On account of the chemical relations of these 
determinations the technique of making them will be described to- 
gether later, and some results given for illustration. 

The gradual breaking down of dead organic matter and the disin- 
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tegration of at least some animal or plant bodies may be expected to 
affect the quantity of inorganic salts present in the medium at differ- 
ent times. In any case a culture liquid is, for physiological reasons, 
a salt solution of some kind, and this is also true of many experimental 
media. Hence the quantitative inorganic salt content (and gaseous 
content also) is of much significance as an indication of the condition 
and changes of the medium, chemically considered, but the physio- 
logical importance of this content is still greater. The qualitative 
differences between the action of salt radicals (or ions) is well known, 
including such variety as poisons, apparently indifferent substances, 
and stimulants of specific character. In addition to their specific 
action all the salts are important on account of their possible osmotic 
action. The interchange between the cell and its medium is one of 
most far reaching consequences in the life of the cell, and the salts 
play a prominent part in this process. At this point it is necessary 
to distinguish between what for want of a better name I shall have 
to call a physical osmosis, on the one hand, and a physiological 
osmosis on the other. It is here, again, that the theories of solution 
must be taken into consideration. If the kinetic theory of gases be 
regarded as applicable to solutions, then we may calculate from cer- 
tain measurements an osmotic pressure, which is regarded as exist- 
ing in the solution independently of the properties of any membrane. 
Perhaps this quantity is more accurately described as the maximum 
osmotic pressure which the solution could exert upon a strictly semi- 
permeable membrane. It is to be noted that this theory of osmotic 
pressure is rejected by some investigators, and for the biologist the 
quantity above described can be of use only as one of the physical 
characters for the comparison or identification of solutions. Two 
different points of view on this question are well represented by 
Lothar Meyer, '90, pp. 23-27, and a reply by J, H. van't Hoff, '90, 
pp. 174-176. Further discussion of osmosis, with special reference 
to biological phenomena, is made by J. Traube, 104, pp. 704-715. 
Physiologically, osmotic pressures without reference to the particular 
membranes involved are of no significance, and the existence of semi- 
permeable membranes is highly improbable. Hence the permeability 
of the natural membrane is the osmotic factor of greatest significance 
for physiological processes. But this may vary according to the 
specific kind of cell under consideration, also with different physio- 
logical conditions of the same cell, and possibly according to the kind 
of salt surrounding the cell wall. But of the permeability of animal 
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cells we have only the most limited knowledge. How seriously this 
limitation affects our physiological conceptions may be underitood 
from a consideration of the significance of the vital interchange 
between cell and medium. It is not the purpose of this part of the 
present paper to describe investigations on this subject. I shall, 
however, in one case at least, describe the method of obtaining the 
physical osmotic pressure above referred to. 

The preceding considerations show the importance of obtaining the 
inorganic salt content as one of the descriptive quantities of a culture 
or experimental medium. I shall describe some methods adapted to 
this purpose. In the hay medium here used the qualitative examina- 
tion has shown the presence of acid salts, mostly or wholly bicar- 
bonates, and in many media this same condition will present itself. 
This class of salts can be easily estimated by titrating a given volume 
of culture liquid with o.oi m HCl, using methyl orange as indicator, 
and I shall call this determination thc'tnei&yi orange alkalinity. In 
the quantitative examination ofthe hay infusion here used the total 
quantity of nearly all the salts present will have been estimated in 
the determination of bicarbonate. Nearly all the base present is 
combined in this form, there being comparatively little chloride, sul- 
phate, etc. Hence, here the quantity of bicarbonate is especially 
significant as an indicator of the osmotic conditions. The phenol- 
phthalein acidity and the methyl orange alkalinity, two simple deter- 
minations, are sufficient to show great differences between various 
proposed organic culture media, and they also show some well-marked 
changes in the history of a given organic medium. If the medium 
contains quantities of other salts, c. g., chlorides or sulphates, etc., 
estimable by ordinary methods when applied to small quantities of 
culture liquid, these must also be determined by the various special 
volumetric methods applicable to each constituent sought For 
chlorides, even in very small concentration, the method of Volhard, 
which gives accurate results and in which the liquid is made strongly 
acid, is to be most recommended. In the selection of methods for 
the titration of other acid and basic radicals the operator is strongly 
limited by the fact that these methods must be sensitive and accu- 
rate enough to estimate quantities in such dilution that o.oi normal 
standard solutions are appropriately used. The operator does not 
command large quantities of liquid which could be concentrated- by 
evaporation as in mineral analyses of waters. This limitation does 
not prevent the titration of substances for which very sensitive 
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methods exist, e. g., chlorides and iron, and of those substances 
which occur in relative abundance in the liquid, e. g., calcium. I 
have not tried any of the newer methods for the volumetric estima- 
tion of alkali metals. Such determinations would give desirable 
factors in the history of a culture liquid, especially hay infusions. A 
further difficulty in the selection of methods is that they roust be 
practicable in the presence of some organic matter. Incineration 
of the evaporated residue of a portion of the liquid would defeat one 
of the purposes of these determinations, which is to find how much of 
the organic constituent has become mineralized from time to time. 
If for any reason it becomes important to know accurately the 
relative quantities of inorganic salts, some gravimetric methods may 
have to be used, even if infrequently. I have made only those 
estimations which seemed to me to be of most significance for the 
correlation of the chemical and physiological events in the culture. 
My selection is admittedly incomplete. 

From the above point of view some indication of the total amount 
of organic matter is desirable and only an indication is possible. 
Probably the best we can do is to adopt the permanganate method for 
oxygen consumed to be executed under certain uniform conditions 
later to be described. In spite of the well-known limitations in the 
significance of the results obtained by this method they are never- 
theless of considerable value for comparative purposes, and it is from 
this standpoint only that we shall interpret them. 

It is evident that the amount of dissolved oxygen in a given volume 
of the liquid is a chemical and physiological factor which it would be 
desirable to obtain. Some experiments which I have made in this 
direction were not carried to completion. 

I have added to the preceding the measurement of the electrical 
conditctivity by the method of Kohlrausch. According to the theory 
of electrolytic dissociation this quantity is an index of the ionic 
concentration. The conductivity is one of the important physical 
characters of a solution. As this determination assists us in the 
corr-elation of physiological facts with physical characteristics, it is 
for that reason desirable, even though its physical meaning may be in 
dispute. The use is evident of this or any other methods that will 
assist in the explanation of the fact that the same concentrations 
of different acids as determined by ordinary chemical analysis act 
with very different intensities, both physically and physiologically. 
Other examples could be added. It is true that this measurement 
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taken independently of other determinations upon the same liquid has 
only a limited and ill-defined significance, and still more so when taken 
upon a complex mixture of salts such as most culture media. But in 
the latter case and in natural media, e.g., waters, the inorgauic salt 
content, to which the conductivity is mainly due, may be almost 
completely classified into the alkali, alkali earth, and earthy metal 
groups of bases, and the acidic radicals combined with these are also 
limited to a certain small list. The conductivity of these salts taken 
separately is known as well as the conductivity relations of members 
of the same group and of the different groups to each other, so that 
averages can be used for approximate results. Furthermore, one is 
frequently dealing with repetitions of qualitatively and roughly simi- 
lar media, e.g., hay infusions. In all these cases the electrical con- 
ductivity serves well for the identification of similarity in conditions 
and for the physical comparison of the solutions. The method is so 
sensitive that small differences are expressed in easily measurable 
magnitudes. Kohlrausch, '98, pp. 131-132, has emphasized the 
use of the method for the approximate estimation of the concentra- 
tion of salts in solutions whose general character is known. In the 
present scheme of investigation more precise knowledge of the con- 
stituents is contemplated, and this measurement is to be accompanied 
by others which may be brought into physical or physiological 
relation with it. 

The methods thus far described give information regarding the : 
I. Acidity; 2. Salt content; 3. Carbonaceous content ; 4. Electri- 
cal conductivity. The organic nature of the culture liquid suggests 
the question whether the nitrogenous metabolism of the culture 
might not also be an important chemical and physiological factor. 
Organic culture media resemble a mild sewage, and it is evident 
that the chemical data sought are much the same as the analyst of 
waters and of sewage seeks, the methods used being slightly modified 
by the ultimate physiological aim. A consideration of the conditions 
prevailing in these media led me to make numerous estimations of 
nitrogen in the form of free and saline ammonia by the Nessler pro- 
cess, and of organic nitrogen by a modified Kjeldahl process due to 
Rideal. The serial nitrogen values obtained in the history of indi- 
vidual cultures showed that, owing to several compensating processes 
in the nitrogenous metabolism of these cultures, these values are not 
useful in demarcating developmental stages unless other inconvenient 
and time-consuming estimations are made at the same time. Nitro- 
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gen in the form of nitrites and nitrates would not be expected to 
occur, as will be explained later, in any quantity greater than traces 
during the time that these cultures are under examination, and they 
were never found when tests for them were made. Nitrates even 
disappeared shortly after they had been purposely added, these salts 
serving as a source of oxygen which became available upon their 
decomposition. 

Guided by the principle that the estimations which are to be made 
by the biologist should yield important information, either individually 
or combined with others, and that they should be capable of suffi- 
ciently rapid execution to permit serial determinations, I venture to 
propose the following series: i. Phenolpbthalein acidity. 2. Methyl 
orange alkalinity. 3. Total salt content and special methods for 
individual constituents. 4. Electrical conductivity. 5. Oxygen con- 
sumed. 6. Dissolved oxygen (not developed). 7. If desired, organic 
nitrogen. 1 have purposely omitted the determination of the depres- 
sion of the freezing point from this list, regarding that method as 
more useful in certain special cases than for the frequent application 
which was contemplated in making the above selection. It may be 
said again that, on the one hand, this list is not comprehensive enough 
to yield sufficient results for a full description of a medium, and, on 
the other, it may be abbreviated and still give results which define 
some important conditions of physiological activity. 

The use of these quantitative methods in the case of an unknown 
culture liquid is advantageously preceded by a qualitative analysis. 
The biological examination that is to run parallel with these deter- 
minations will, of course, vary according to the special aim of the 
investigator, and the method of examination which was applied to 
hay cultures will be described later. The practical application of each 
method will be outlined or references will be given to descriptions of 
the processes. These methods will be illustrated by practical ap- 
plications actually made, and the significance of results obtained or 
obtainable from culture liquids will be explained briefly. For guid- 
ance in method and for assistance in the interpretation of results, 
general reference is here made to certain works which arc nearly 
indispensable. For a clear, concise, and concrete treatment of the 
elements of volumetric analysis reference may be made to the excel- 
lent short treatise of O. Kiihling, :04. To this should be added 
Sutton, :04, " Volumetric Analysis" ; Hoppe-Seyler, :03 ; Rideal, :oi ; 
Kohlrausch und Holborn, '98. Specific references to these and to 
other authorities will be made in the following pages. 
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VI. Appucation and Results of Quantitative Methods,, 
For the practical application of the preceding methods it has 
seemed to me advantageous to have a system of interrelated standards 
so devised that they all or nearly all depend upon a single original 
standard solution which can be most carefully prepared, or, if neces- 
sary, obtained by the biologist from a chemical laboratory. For a 
variety of reasons dependent upon the chemical point of Vtew I have 
selected HCl for this standard. This HCl is used to obtain the 
methyl orange alkalinity directly. The standard HCl is also used to 
standardize the NaOH solution required to determine the phenol- 
phthalein acidity in the manner to be described. The standard HCl 
is also used for the standardization of a sodium thiosulphate solution 
by means of which, again, a standard potassium permanganate is pre- 
pared, the thiosulphate and the permanganate to be used in the de- 
termination of oxygen consumed. Furthermore, from the standard 
hydrochloric, after neutralization with the NaOH, a AgNOj solution 
is standardized by Mohr's method. In this case the absence of CI 
from the NaOH must be first proved by the AgNOj test. The stand- 
ard so prepared is used for the direct determination of chlorides, or 
better, by means of it, a standardized KCNS solution is made for use 
in the Volhard method for chlorides. In addition to the preceding a 
pure saturated aqueous solution of CaSO^ is required for the purpose 
of determining the resistance capacity of the electrolytic cell or elec- 
trodes which the operator uses in conductivity measurements. The 
operator is advised to take the conductivity of his standard 0.01 m HCl 
solution and compare the value found with that given in the tables of 
Kohlrausch and Holborn, '98, p. 160. This furnishes him a desirable 
control on both his chemical and electrical measurements. To any 
one to whom a system of standards which are interdependent seems 
objectionable, the alternative of preparing any or nearly all of the 
above standards by processes depending upon independent weighings 
is of course open. The principle of making interdependent volumet- 
ric standards has been recognized by good authorities (Sutton, :o4, 
pp. 43-44 and references there). 

For the preparation of a standard HCl, F. Sutton, B4, pp. 47, 42-43, 
and for more detail, O. Kiihling, :04, pp. 46-52, may be consulted. I 
have followed the practice of finding, from the specific gravity of a 
pure strong HCl and from a table, the number of cubic centimetres 
of this acid required to make one or several litres of approximately 
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0.01 m HCI. Having made this dilution, I have accurately standard- 
ized it by means of a weighed quantity of pure, dry Na,COg, using 
methyl orange as indicator. It is not worth while to attempt to dilute 
these solutions to exactly the desired 0.01 m, but its actual value 
must be accurately determined and this quantity used in the calcula<- 
tion of results obtained by means of this standard. The value of the 
HCI may also be accurately checked by precipitation as AgCl. The 
absorption method may also be used for the preparation of a standard 
HCI. 

The preparation and keeping of a standard NaOH solution are de- 
scribed in F. Sutton, :04, pp. 48, 20-21, and O. Kiihling, :04, pp. 53-59. 
An approximately 0.01 m solution of accurately known value is de- 
sired. Its exact value as determined by means of the standard HCI 
should be ascertained both for methyl orange and for phenolphthalein 
used as indicators, and these standardizations should be repeated at 
intervals. The standard NaOH should be connected by tubing with 
the burette, and should be protected from the COj of the air by 
means of soda lime. It is not necessary that it be free from COg, but 
the two values above mentioned must always be known. 

A standard o.oi m AgNOg and 0.01 m KCNS are made as has 
been previously indicated, and in addition reference may be made to 
F. Sutton, :04, pp. 144-146, 401, and to O. Kuhling, :04, pp. 141-149, 

For the preparation of standard thiosulphate and permanganate 
solution, see F. Sutton, 104, pp. 472, 477, 124, 135; also O. Kuhling, 
:04, pp. 84-94, 121-123. I have standardized the thiosulphate by 
means of the standard HCI by a method based upon a suggestion in 
F. Sutton, :04, pp. 138-139, concisely stated as follows : " Recently 
precipitated oxides, or the natural oxides when reduced to fine 
powder, are readily dissolved and decomposed by very weak acid in 
the presence of potassium iodide (Pickering)." A bottle is selected 
whose ground glass stopper fits or is ground to fit gas tight. In this 
are placed 20 to 50 c.c. of the standard 0.01 m HCI. Then there is 
added a quantity of pure pulverized MnOj, an unnecessary excess 
being avoided in order to prevent too dark a color of the liquid when 
it is shaken. Then a sufficient quantity of KI in solution is quickly 
added, the bottle tightly stoppered and set in hot water (about 
75° C.) for a half-hour. The bottle is cooled and the liberated iodine 
is titrated, using starch indicator with a thiosulphate solution which 
has been prepared by a rough weighing. The following equations 
represent the reactions involved : 
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MnO, + 4 HCl = MnCI, + a H,0 + CI, 

CU + a KI = 2 KCl + I, 
I, + a Na,S,0, = Na,SiO. + 2 Nal 

From these relations the value of the thiosulphate is calculated, and 
by means of this the permanganate, also prepared by a rough weigh- 
ing, is standardized by the usual method, using KI and H,SOf Con- 
centrations of about o.oi m Na,Sj08 and about 0.003 m (= o.or n) of 
KMnO^ are desirable for this work. 

The saturated aqueous CaSO^ solution used for determining the 
resistance capacity of the electrolytic cell was made by the precipita- 
tion of CaCI, with HjSOt and washing the precipitate by decanu- 
tion. The water finally used must have a conductivity oi $ y. io~* 
reciprocal ohms, or less. For some purposes, particularly those 
involving conductivity measurements, particular attention must be 
given to the quality of the water as determined by this test, and in 
some volumetric processes it becomes important to use pure water 
freed from COj by boiling. Water of sufficiently low conductivity is 
easily produced by a single redistillation of common distilled water 
treated with Ba 2 OH, the first and last portions of the distillate being 
rejected. 

The free and saline ammonia was determined by the usual colon- 
metric process, using the Nessler reagent. Distillation was not done 
except for comparison. The colored hay infusion was treated with a 
slight excess of NaOH in the cold, and rapidly filtered into a 50 c.c. 
Nessler tube, which had been previously nearly filled to the mark with 
cold ammonia-free water. By this means a colorless liquid was ob- 
tained ready for Ness lerizat ion. The total organic nitrogen (includ- 
ing ammoniacal nitrogen) was converted by the Kjeldahl process into 
ammonium sulphate. A quantity of S to 20 c.c. of the culture liquid 
was boiled with strong HjSOj, and crystallized Na^SOj, cooled, 
washed into a 100 c.c. stoppered measuring flask with cold ammonia- 
free water, neutralized with strong NaOH, and a measured portion of 
the whole when cold was Nesslerized. Processes involving distil- 
lation were used for comparison. F. Sutton, :o4, and Rideal, m, 
PP- 30, 38-40, may be consulted for the preparation of the standards 
required for the above methods, and also for the usual methods followed 
in making the same determinations. 

With some few exceptions the use of the described standard solu- 
tions for the estimation of the quantities specified in connection with 
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the description of their preparation needs no discussion beyond that 
which has already been given, or is readily found in the list of refer- 
ences previously cited. A few practical points are worth mentioning. 
Owing to the small quantities (5 to 10 c.c.) upon which titrations are 
made, it is important to find, if possible, what is the least quantity of 
the standard reagent required to make the end point clearly percep- 
tible in the volume of liquid under titration at the time when the end 
point is reached. A titration performed upon this volume of distilled 
water gives an approximate correction which is to be subtracted from 
the actual volume of standard solution used in the case of culture 
liquid. The use of more methyl orange than necessary makes the 
result worthless. With practice the eye becomes very sharp in 
detecting the orange-brown transition color which the indicator 
shows between pink and yellow. White porcelain evaporating dishes 
of small size are suitable vessels for titrations. When flasks are used 
a sheet of white paper under them serves well for a background. 
Increased certainty regarding the end point may be obtained by the 
use of a second dish of the same liquid for comparison, especially 
when the latter is somewhat colored. Finally, the operator must not 
fail to determine his limits of error on the different estimations by 
obtaining a series of results under the same conditions, and noting 
his deviations from the average. If the absolute value of the estima- 
tions comes in question, or if accurate comparisons between different 
results are to be made, then the calibration of measuring apparatus 
by the analyst himself must be made. 

In estimating the free acidity, consistent and correct results cannot 
be obtained if the small quantity (; c.c.) (o be titrated and the 
standard solution also are exposed to the air during the process. 
This difficulty is easily overcome by performing the whole process 
under neutral xylol or kerosene; these serve admirably as temporary 
protectives. My experience is that these agents are not permanent 
protectives for the stock solution of NaOH. In a narrow white por- 
celain dish (crucible) kerosene is placed to the depth of one half 
to one centimetre. With a volumetric pipette 5 c.c. of culture 
liquid is taken from the culture jar and placed under the kerosene. 
Some solution of phenolphthalein is added. The necessary volume 
of standard NaOH for neutralization, as shown by the rose color of 
the indicator, is introduced under the surface of the kerosene, the 
liquid being stirred under the latter with a glass rod. The results are 
conveniently stated in millionths, i. e., tn icr* units, of a gram mole- 
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cule of tke reagent used per cubic centimetre of culture liquid. Thus 
a certain culture. No. 6 — 3 — 8/1, on the second day after setting 
showed the usual light color and abundant evolution of gas. Upon 
looking through it towards the light, it was seen to be turbid, which 
condition was due to the enormous number of bacteria found by mi- 
croscopical examination to be suspended in the liquid. Five c.c. of 
this liquid required for neutralization 1,2 c.c, of 0,01 m NaOH = 1.2 X 
io'^/5 = 2,4 X lo"* gram molecules of NaOH per cubic centimetre 
of culture liquid. It is this value, 2.4, which is used in tabular or serial 
statements to express Che acidity of the culture, and it is also of con- 
venient magnitude for use in plotting the curve of acidity. Five c.c. of 
another culture, No, 6 — 3 — 8/2, set at the same time and by the same 
method, required i.o c.c, of 0.01 m NaOH = 1.0 X I0~'/S = 2 X io~* 
gmol.of NaOH per c.c. Upon the assumption, which would approxi- 
mately represent the facts, that all the free acid was H,CO,, the fol- 
lowing equation represents the reaction when phenolphthalein is used 
as indicator : 

H,CO, + NaOH (+ phth.) = NaHCO, + H,0. 

From this relation it is evident that in the first culture above esti- 
mated the gram molecular concentration of H3CO, was 24 X lo~* 
gmol, per c.c. The ^tSM/^MVa/fn/ concentration per c.c. is 2 X 2.4 X 
lo"" = 4.8 X icr*, and the gram equivalence per 1000 cc, i. e., the 
normality of the acid here present, is lo" X 4.8 X lo~* = 4.8 X lO"*; 
in other words, the culture liquid is a 0.0048 normal solution of acid. 
A small part of the acid present may be monovalent, e. g., lactic 
from fermentation, and this would somewhat reduce the above mag- 
nitude. But from the physiological standpoint it is necessary to 
consider that chemical estimations show the total amount of acidic 
hydrogen that can be produced by the process of titration operating 
upon the total amount of material present. This may be, and in the 
majority of cases is, a very different quantity than the amount oifree 
acidic hydrogen, i. e., of free H ions which exists in the liquid before 
the process of titration begins and with which the organisms of the 
culture live in contact. It is at this point that physical chemistry 
can add to the data which to a greater or less extent define the 
physiological environment. Of the various methods which may be 
used to determine the ionic hydrogen, I shall select the conductivity 
method for application in the present case. It must be remembered 
that here we are not dealing with a pure solution of HgCOg, but that 
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this acid is accompanied by a relatively large quantity (presently to 

be determined) of bicarbonates, 1. e., of salts having a common anion. 

Neglecting the influence of these upon the dissociation of the HjCOg 

until the discussion of the conductivity measurements, it is required 

to Bnd the maximum of ionic H which would exist in the culture if 

it were a pure solution of the HjCOg previously estimated. To do 

this the dilution formula -r ;— = jfe is applied, since H,CO, is a 

i\-a)v ^*^ » * - 

weakly dissociating acid. Walker and Cormack, :oo, p. 11, have de- 
termined the value of > = 304 x io~*. The gram molecular dilution 
in litres, v, is equal to the reciprocal of the concentration per litre 

= 1/2.4 >< lO"* = 4'7- Let = vk = e, then e = 417 X 

I— a 

304 X icr"= 126.7 X lo"*. From which a = aoii3+, i, e., about 
I.I per cent of the total amount of the acidic H, obtained by titra- 
tion, actually exists as free ionic H. This gives the ionic concentra- 
tion of H = 2.4 X io~* X o.oi 13 = 27 X io~* gmion per c.c. It is 
this magnitude which would become significant if we were trying 
to compare different cultures with reference to their physiologically 
effective acidities. The titrated values alone would be misleading 
for the purpose of such comparison. These observations are by no 
means intended to involve the proposition that the undissociated 
portion of the molecule is physiologically inactive. The problem of 
apportioning the effect between the ionized and the undissociated 
portions of molecules awaits experimental solution. 

Five c.c. of the first culture whose acidity was above described re- 
quired for the neutralization of the methyl orange alkalinity 3.4 c.c. of 
0.01 m HCl = 3.4 X I0"*/S = 6.8 X lO"^ gmol. per c.c. of HCl. 
The numerical value, 6.8, is used for purposes of comparison and for 
plotting the curve of alkalinity. It is directly comparable with the 
2.4 obtained for the acidity of the same culture at the same time. 
From the qualitative analysis it may be inferred that the following 
are types of the reactions that occur, one for alkaline, the other for 
alkaline earth bicarbonates: 

NaHCO, + HCl {+mthor.) = NaCl + HjCO,. 
Ca{HCO,), + aHCl (+mthor.) = CaCl, + 3 H,CO,. 

The qualitative examination has shown that the methyl orange alka- 
linity is equal to practically the total salt content, and this quantity 
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becomes especially significant as an indispensable factor for the cal- 
culation of the physical osmotic pressure. But for this purpose it is 
necessary to know at least how much of the salts consists of alkali 
metal compounds and how much of alkali earth compounds. This is 
due to the fact that the value, n, which expresses the number of the 
dissociated products of a single molecule is involved in van't Hoff*! 
osmotic factor, i, = i + (« — i) a, and that « = 2 for the alkali 
group, and « = 3 for the bicarbonates of the alkali earth group. The 
question of the dissociation of the bicarbonate molecules will be 
taken up again presently. Of course a greater approach to accuracy 
in the calculation of osmotic pressure would be possible if the quanti- 
ties of Ca, Mg, etc., were separately determined. These estimations 
are hardly worth making for the little to be gained thereby, unless 
in a given case a specific physiological action of these kations were 
also in question. For the purpose of estimating the alkali group 
directly and the alkali earth group by difference, the following method 
was pursued: 5 c.c. of the same culture liquid whose methyl orange 
alkalinity had been determined upon another portion, was evaporated 
to dryness. The temperature was kept short of charring the organic 
matter and the heating was continued for some time. The residue 
was treated with small quantities of boiling distilled water and the 
solution of alkali carbonate so obtained was filtered hot. The quan- 
tity of water used, including one washing of the filter, should not 
much exceed the original volume of culture liquid. After cooling, the 
methyl orange alkalinity is again found with the same reagents and 
under the same conditions as in the first titration. Since both these 
titrations show the total Na or K content present, regardless of 
whether the carbonates are normal or acid, the second titration shows 
directly how many gram molecules of alkali bicarbonate were present 
in the original 5 c.c. of culture liquid, and the difference between the 
first and second may be taken to represent the amount of alkali earth 
bicarbonate. This method would not be applicable if other alkali 
earth salts than carbonate and bicarbonates were present. In such 
case the method of Hehner, described in Sutton, :04, pp. 70-71, could 
be used to ascertain the amount of alkali earth bases. 

The determinations previously given apply to the first culture above 
described at a very early period in its history, I shall now take data 
from the same culture after it was several weeks old. It had by that 
time shown the characteristic succession of animals later to be 
described, had become again clear with but comparatively few non- 
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encysted bacteria to be seen, and had changed its color to a daric 
brown indicative of a low free acidity. Its acidity without correction 
measured about 0.2 c.c. of 0.01 m NaOH for 5 c.c. of culture liquid, 
and hence was negligibly small. The methyl orange alkalinity and 
the calculations which follow were taken for this culture at this stage 
of its development, because the data will serve both for illustrating a 
general problem of frequent recurrence and also as part of the neces- 
sary data in an experiment upon Faramxcia taken from this culture. 
In a subsequent part of this paper dealing with the relation of Pro- 
tozoa to distilled water, the results of the present discussion will be 
again referred to and applied. 

Five c.c, of this older culture liquid required 3.95 c.c. (corrected) of 
0.0102 m HCl for neutralization, using methyl orange as indicator. 
After evaporation for the separation of alkali earth bicarbonates ac- 
cording to the process previously described, the methyl orange alka- 
linity required 1.4 c.c. (corrected) of 0.0103 m HCl for neutralization. 
Let us calculate the gram molecular concentration per cubic centi- 
metre, assuming the type reactions above written (p. 465). For alkali 
bicarbonates the concentration = 1.4 x 102 X io~^/5 = 2.86x lo"^ 
gmol. per c.c. For alkali earth bicarbonates the concentration 
^ (3-95 X 102 X 10-^) - (.4 X 102 X 10-^) ^ _. 1 

5X2 B f 

C.C. It is to be observed in the type equation for the alkali earths that 
the use of 2 gmol. of HCl shows the presence of only i gmol. of 
Ca(HCO,),. 

Having obtained these data, we are ready to consider the question 
of the osmotic properties of the liquid. As has been previously ex- 
plained, this question is, from the physiological standpoint, a compli- 
cated one, which involves the quantity of each special constituent, 
the complex physical system constituted by the mixture of these in 
solution, and more especially the permeability of the cell walls under 
the simultaneous action of all these constituents. The physiological 
osmotic relations are, in the present state of our knowledge, unap- 
proachable by any method of calculation. Only direct and extended 
experimentation will yield these highly desirable data. But if on the 
physiological side we assume a strictly semi-permeable membrane, 
and on the physical the kinetic theory of gases as applied to solu- 
tions, thus involving the theory of electrolytic dissociation, then we 
can approximately calculate, from the data above obtained, the quan- 
tity which I have called the physical osmotic pressure. In this cal- 
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culatioa I shall assume that the alkali earth salts are sufficiently alike 
in physical osmotic properties, that this whole group of salts can* 
for purposes of calculation, be treated as if it consisted entirely of 
Ca(HC0g)3. Similarly the alkali earth group will be treated as if 
it consisted entirely of NaHCOg. 

Let the pressure of a gram molecule per litre of a substance in un- 
dissociated condition = /'o, and in condition of dissociation =/'. Com- 
parison of different substances belonging to the two classes shows that 
P for electrolytes, such as we are dealing with, is greater than Pf^, and 

p 
the ratio -^ has been called = *, and the application of the theory 

of electrolytic dissociation to these cases has developed the formula 
i=l+ (h— \) ain which « = the number of the dissociated prod- 
ucts of a molecule, and a = the fraction of the total number of 
molecules which have dissociated. In the culture medium above 
titrated we have for the total salt content /*(, = (2.86 + 2.6) X lo"* = 
5.46 X 10"* gmol. per litre. Since one gram molecule in 22.4 litres ex- 
erts a pressure of one atmosphere /'g = 22.4 x 5.46 x 10 "' = 0.122 atm. 
In order to find the desired quantity P, we must have i, and for this 
the value of a must be known. Let us assume for the moment that 
the dissociation of both salts is practically complete, i.e; that 0=1, 
and that for NaHCOg, n= 2, for Ca(HCOg)j, « = 3. Then for 
NaHCOg, *■ = 2, and for Ca(HCO,)a, »"=3. Hence for NaHCOg, 
P = 2X 2.86 X 10"= X 22.4 = .128 atm. For Ca(HCOj)j, /*= 3 X 
2.6 X io-« X 22.4 = 0.175 atm. The total /* = 0.128 +0.175 =0-303 
atm., which is the physical osmotic pressure as previously defined and 
under the above assumptions. As will be shown directly, these pres- 
sures are greater than the theoretically correct values. 

Evidently a is the most significant quantity involved in the deter- 
mination of the osmotic pressure, and I shall describe the method 
by which a was obtained from data of electrical conductivity. We 
may make a digression here to discuss one other method, that for the 
determination of the depression of the freezing-point, which might 
also be used for the same purpose when the molecular concentration 
as here found by titration is known. By this method we would get a 

depression of 1.85° for 1 gmol. in i litre, or ' for i gmol. in 22.4 

litres, and this would be the depression corresponding to a concen- 
tration which would give an osmotic pressure, P=i atm. Since an 
ion and a molecule give the same depression, the 0.303 atmospheres 
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which we have above found to be the maximum physical osmotic pres- 
sure, would give a depression = 0.303 X i.8s°/22.4 = 0,025* C. This 
small range on the temperature scale represents the total concentra- 
tion, which on the conductivity scale is represented by 642+ of lO^* 
units (reciprocal ohms). The sensibility and accuracy of the latter 
method greatly exceed that of the cryoscophic method, at any rate 
under the conditions of the ordinary use of both methods. The de- 
pression of the freezing-point has the advantage of giving the value 
of a more directly than calculation from conductivity data. 

In calculating the value of a I shall regard the medium as consist- 
ing of the known molecular concentrations above found of the weak 
electrolytes NaHCO, and CaCHCOg),. Other electrolytes are not 
present in appreciable concentration, and the amount of free H 
acidity is very near the phenolphthalein neutral point as previously 
observed. We have then practically a system composed of NaHCO, 
and Ca(HCO,)a in solution in H3O and in a condition of equilib- 
rium. We desire to obtain the a value for the salts when they are 
constituents of the system. This we shall attempt to obtain by the 
application of the law of mass action. In the process we shall need 
at least for comparison the a values of the respective pure aqueous 
solutions of the salts. These values are to be found directly given, 
or they can be interpolated in the tables or calculated from the data 
of Walker and Cormack, :oo, and from Kohlrausch und Holbom, '98. 
By titration with methyl orange we have found the gram atomic 
concentration of Na= 2,86 X io~* per c.c. = i gram atom in 350 litres, 
i. e.y the dilution * = 350. By interpolation in the table of conduc- 
tivities of NaHCOg given by Walker and Cormack, :oo, p. 10, and 
by using 79.5 as given by these authors as the conductivity of 

NaHCO. at infinite dilution, we obtain — = ■ ■ — = 04-0 per cent 

' A*. 79-5 ^ ^ 

= a. For Ca(HC08)a we have found the concentration of Ca = 
2.6 X io~* per c.c, = I gram atom in 385 litres, t. e., the dilution *= 
385- ForCa(HCOj)i no table of directly given conductivities was 
available. The conductivity ft (Siemens units) of Ca(HCOg)j at 
;f = 385 and also at infinite dilution was derived from partial values, 
i.e.y from the ionic conductivities of the respective ions at these 
respective dilutions. Walker and Cormack's value, 38, was used for 
the ionic conductivity of HCOg at infinite dilution. To obtain HCOg 
at »= 385, the molecular conductivity ^ for 11=385 was interpolated 
in Walker and Cormack's table for the conductivity of NaHCOg, and 
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from this was subtracted the ionic conductivity of Na at 11 = 385, 
The latter value was taken by interpolation from Kohlrausch und 
Holborn, '98, p. 200, the value of A being reduced to ^. Thus was 
found NaHC08-Na = 74.95 -38.6 = 36.35 = ji* for HCO, at f =385. 
In an entirely analogous manner the ionic conductivities of Ca at 
tJ=:385 and at infinite dilution were obtained. For this purpose the 
tables of Kohlrausch und Holborn, '98, p. tdi, for CaClj and p. 200 
for CI were used, although the value of Ca could as well have been 
taken from the table of ionic conductivities on p. 200. The values 
of A were reduced to p.. Thus was found /* at i' = 385 for CaClj — 
Cla= 199.8— 1184 = 81.4 = ^ for Ca at w = 38s. Then ^ at i'=385 
for Ca + (HCO,)s = 81.4 + 72.7 = 154.1 = /* for Ca(HCOg)j at i/ = 
385. The ionic conductivity of Ca at infinite dilution was taken from 
Kohlrausch und Holborn, '98, p. 200, A being reduced to ^, giving 
Ca = 99.71. Thus M for Ca(HCOa)s at infinite dilution = Ca + 
(HCO,)a = 99.7i + 76= 175.7. We now have ^ = i^^ = 87.7 per 
cent = a. 

We may now consider the conditions which prevail in this system. 
It is well known that when substances like NaHCOg and Ca(HCOg)s 
are dissolved in H3O a reaction known as hydrolysis occurs between 
these salts and the water. The result is that only a portion of the 
salt originally placed in the water remains as such, the remainder 
being distributed under the form of other compounds. In the con- 
sideration of the present system it is therefore necessary first to study 
the question of the hydrolytic decomposition of the two salts. The 
methyl orange titrations previously made show the total gram atomic 
content of Na and Ca with which one could have made the actual 
solution that constitutes the culture liquid here considered. Accord- 
ing to McCoy :04, pp. 4 and 5, the hydrolysis of NaHCO, is represented 
by the two following reactions : 

(i) NaHCO. + HOH V^ NaOH + H(HCO,) 

(a) NaHCO, + NaOH T± HOH + Na,CO, 

Let the equilibrium constant of (i) be represented by K,, of (2) 
by K,, and of the system composed of (i) and (2) by Kg. By apply- 
ing the law of mass action McCoy developed the following relations : 

C -■«•■ -j- 

ccrTr ' 
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He found the value of K= 5320. He found that " in a decinormal 
solution made from solid bicarbonate and water in such a way that no 
carbon dioxide is allowed to escape" the hydrolysis amounts to 2.68 
per cent (I.e. pp. 12-13). 

Walker and Cormack, :oo, p. 9, also investigated the amount of 
hydrolysis of NaHCOj in pure solution, by reducing the hydrolysis 
by the addition of a solution of carbonic acid, as recommended by 
Bredtg, and found " that the extent of hydrolysis of sodium hydrogen 
carbonate would not exceed a fraction of a per cent, even at the 
greatest dilution we investigated." The a value above obtained for 
a pure solution of NaHCOj may therefore be taken as practically 
correct for the dissociation of NaHCOg, even for the supposition that 
no hydrolysis occurs. 

We may now consider the hydrolysis of Ca(HCO,)j. If the re- 
actions are of the same nature as those McCoy has described for 
NaHCO|, we would have the following relations : 

{3) Ca(HCO,), + 3 HOH ?^ Ca 3 OH + 3 H(HCO,) 

C. C, C, Kt 

(4) Ca(HCO,), + Ca a OH ^ 2 HOH + a CaCO, 

From the law of mass action we would obtain the following relation 
for a pure solution of Ca(HC0g)3 in H3O: 



The entire system of relations containing the simultaneous con- 
ditions of equilibrium represented by reactions (l), (2), {3), and (4) 
can be deduced from the law of mass action, and is expressed as 
follows : 

C,*x Ct*~K»»~ " 

For want of the experimental data for Ca(HCOg), as represented 
in (3) and (4) we cannot solve the equation for K](,. 

For our purpose, which is in part to determine the osmotic pressure 
from the amount of molecules and ions and in part to gain a con- 
ception of the complexity of the biological factors represented by the 
molecules and ions, it will be necessary to consider also the ioniza- 
tion of the products of hydrolysis. Besides the four main equilibria 
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NaHCO, J=! Na- + HCO,' 


Na,CO,I±Na-+NiiCO,' 


H(HCO,)J±H-l-HCO,' 


NaOH i± Na- + OH' 


HOH ;rt H- + OH' 
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represented in reactions (i) to (4) there will exist at least eleven 
others as, follows : 

(S) 

(6) 

(7) 

(8) 

(9) 
((o) Ca(HCO,), ^ Ca(HCO,)- + HCO.' 

(11) CaCO. ^ Ca- + CO," 

(12) Ca a OH ^ Ca- + 2 OH' 

(13) HCO,' ;=t H- + CO," 

(14) NaCO,' ;z* Na- + CO," 

(15) . Ca(HCO,)-;:±Ca- + HCO,' 

The constants required by the law of mass action are known for 
most of these, but I am not aware of values for the constants of (10) 
and (15) and of (6) and (14). If wc may neglect hydrolysis, the 
system of relations becomes at once simpler and can be more easily 
solved for the amount of each of its kinds of particles. From what 
has already been said, the amount of hydrolysis is probably small. 
The ionization of NaHCOg without appreciable hydrolysis may be 
considered comparable to that of NaNOg. The latter solution when 
at the same concentration as theNaHCOj, i.e., ^' = 350, has an a value 
of 95-2 per cent, as determined from a table for NaNOj constructed 
from data in Kohlrausch und Holborn, '98, p. 200. As above de- 
scribed. Walker and Cormack found 94.0 per cent for a solution of 
NaHCOg. Likewise the ionization of Ca (HCOg)^ without hydrolysis 
may be considered comparable to that of Ca(NOg}g at the same con- 
centration, which is ^i — 385. "From Kohlrausch und Holborn's tables 
we obtain 89.1 per cent = a. For an actual solution of Ca(HCOg} 
we have above found, by a method of interpolation, a = 87.7 per cent. 

We shall treat the system without reference to hydrolysis and shall 
adopt a for NaHCOg = 94.o per cent, and a for Ca(HC08)j = 89.p 
per cent. 

Without hydrolysis we would have a system composed of the two 
weak electrolytes NaHCOg and Ca(HCOa)a dissolved in water. A 
portion of each salt will be ionized until equilibrium is established 
and the two equilibria so produced exist simultaneously. It is prob- 
able that Ca(HCOg)g ionizes in two stages as follows: 

Ca(HCOa)j ;=! Ca(HCO,)- + HCO,' 
Ca(HCO.) ^ Ca- 4 HCO,' 
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The calculation of the ionic concentrations involved here, accord- 
ing to the law of mass action, would require certain constants. It is 
probable that at the dilution in question, i. e., i'= 385, the formation 
of the Ca(HCOg)- ion may be disregarded for approximate results. 
Not having the necessary constants, we shall treat the system as if 
one reaction represented the ionization of Ca(HCOaV The system 
may then be represented as follows: 

NaHCO, = .00386 gmol. per litre. /. V, = 350 

Ca(HCO,), = .0036 gmol. per litre. .-. V, = 385 

a For NaHCOi = Oi = .94, 

a For Ca(HCO,), = a, = .89 



NaHCO, ^ Na- + HCO,' _ 

Ca(HCO,)s ^ Ca- + 2HCO, 



.0000436 



""(■-«j>'." 

For Kj, I have used the formula as given by Mellor, 104, p. 195 
(cf. Ostwald, '99, p. 408). Since the undccomposed NaHCOg and 
Ca(HCOg)3, i. e., a and d must stand in equilibrium with all the 
HCOg' ions present in the system, i. e., c^ + c^, regardless of which mole- 
cule produced them, we may write c = fj + Cj. Furthermore we shall 
adopt one litre as the volume of the system. Hence the letters a, b, 
c, d, e, represent the actual concentrations of their respective sub- 
stances in gram ions or gram molecules, i,e., in mols. Direct appli- 
cation of the law of mass action gives two equations from the two 
equilibria, the necessary equality between all the kattons and all the 
anions gives a third, and the known concentrations of each salt give 
two more (cf. Ostwald, '99, pp. 415-416). These equations are as 
follows : 

(i) bc = K,^a (a) ^^ = A-,^ (3) c = 6 + e 

(4) « + ^ = 3-^ (5) -^-i— ^ 

When a distinction between c^ and c^ was observed in the statement 
of the equations, difficulties arose and the attempt was abandoned. 
Solution of the above system of equations gives the following values : 
(■ = .00285, ^=.00271, ii = .oooi5, <r = .oo2i6, (/=.ooo44. These 
values make a for NaHCOg under the conditions of the system = 98.6 
per cent, and for Ca(HC08)a = 83.1 per cent. According to the 
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above values the total concentration of mols in the system is <i + J 
£4- 1/+ « = .00831, and the concentration of undissociated mols re- 
quired to produce the system = .00286 + .0026 = .00546. Hence the 
('value required to find the physical osmotic pressure 13831/546 = 
t.$2 = P/P^. previously defined {p. 468). This value has no claim to 
accuracy, but it is probably a fair approximation. 

In this connection we may consider the results obtained from the 
measurement of another one of the physical properties of the same 
culture liquid which has just been under discussion. The electrical 
conductivity of this medium was determined by the Kohlrausch 
method on the same date when the data for the preceding calculation 
were obtained. We are therefore able to compare calculated and 
observed conductivities. Having above found for both constituents, 
pt (= a) under the conditions of the system, and knowing fi^ for both, 
we have all the data necessary for calculating the theoretical conduc- 
tivity. The values we have used are expressed in Siemens units, and 
we desire to convert them to reciprocal ohms to correspond with the 
denomination of the results obtained by actual measurement. We 
apply the formulas /i, = m /j,^, A = ft, 1.063, ^^^ » = Ay. For com- 
parison of units see Kohlrausch und Hoiborn, '98, p. 4. We thus 
obtain for the NaHCOg, n = 238 X io~*, and for the Ca(HCO()j, « = 
404 X 10"*. The sum of both gives total n = 642 x io~*. The above 
calculations are all based on T= i8°G., and the actual measurement 
of the conductivity of the culture liquid at this temperature gave » = 
643 X IO-*. 

The total salt content, i. e., the total ash, is a quantity which gives 
so little information regarding the culture liquid itself, and its deter- 
mination is subject to so much inaccuracy (volatilization, cf. Hoppe- 
Seyler, :03, pp. 391-394, especially pp. 409-410) that the result for 
our purpose is scarcely worth the necessary effort. It is a quantity 
which presumably would not vary much in the same culture, but 
might sometimes be useful for the comparison of different cultures. 
One objection to these estimations, from our point of view, is that they 
include the mineral matter of both the organic and inorganic constitu- 
ents of the original liquids, and there is no method of separating these. 
In any case, for rapidity and uniformity of results the processes of 
mineralization in the wet way, by A. Neumann, :oo, :o2, vo^, should 
be followed, as described in Hoppe-Seyler, 03, pp. 393-394. I have 
found it practicable to perform the operation upon j-iocc. of culture 
liquid contained in a 50 c.c. to loo c.c. porcelain crucible, which had 
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been weighed, and which during the process was kept nearly closed 
by the inverted cover of the crucible. The liquid was treated by 
slow additions of small quantities (drops) of a mixture of equal 
volumes of concentrated H3SO4 and HNOg, and was heated cau- 
tiously. When the mineralization is complete the clear and light- 
cotored liquid is evaporated, and the residue is dried and weighed in 
the crucible. In this manner was obtained, from 5 c.c. of the culture 
liquid with which we have been dealing, a residue = 0.00S3 gm. 

I regard the total salt content as a quantity of much less importance 
than the several amounts of different salts or radicals which can be 
obtained by the use of special methods for each constituent. The 
preliminary qualitative examination serves as a guide to show which 
of these need be sought quantitatively. There will be most frequent 
use for the estimation of O, and this I have done by the Volhard 
method, using the standard solutions prepared as previously described. 
The use of a perforated porcelain funnel upon which a layer of fine 
asbestos was prepared, and in connection with a filter pump attached 
.to the water supply, greatly expedited the removal of AgCl as required 
in this method. The amount of CI in 5 c.c. of the above culture 
liquid was found to be equivalent to 0.3 c.c. of a o.oi n AgNOg solu- 
tion. Hence the CI = 0.2 x io~Vs = 0.4 x iO~* gmat. per c.c. 

We pass next to the determination of the oxygen consumed. The 
meaning and limitations of this determination are well stated by 
Rideal, ;oi, pp. 31-34. The absolute values obtained have no uni- 
form significance, but when the process is performed under the same 
conditions and upon materials that are qualitatively comparable, e. g., 
hay infusions, the results may be regarded as giving at least some in- 
dication, but by no means an accurate measure, of the amount of easily 
oxidizafale organic matter. I have performed the process essentially as 
described by Rideal, :0i, pp. 32-33. except that I permitted the action 
of the permanganate to continue fifteen minutes at roon* temperature. 
Thus 5 c.c. of the same culture liquid as has been used in the other 
previously described measurements showed, under these conditions,- 
a loss of 1,6 c.c of a 0.012 m NajSjOj solution. In conformity with 
our general scheme we desire to express this in io~* gm. of oxygen 
per cubic centimetre of culture liquid. Equations for the above 
process show that 2 KMn04 = 5 O = 10 1 = 10 Na^SjOj, i. e., i gmol, 
of Na^SjOg used represents 8 gm. O- Hence 1,6 c.c. of 0,012 m NajSjOg 
represents 1.6 x 12 x 10"** x 8''s = 30,7 x io~* gm. O consumed 
per C.C. of culture liquid. 
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. The method used to obtain the free and saline ammonia, and the 
total organic nitrogen (including the ammoniacal nitrogen) have 
been sufficiently described in connection with the description of the 
preparation of standard solutions. 5 c.c. of the same culture liquid 
with which we have been dealing, when operated upon in the manner 
referred to, was found to have a content of total organic nitrogen 
= 12 X 10 * gm. N/c.c, and of ammoniacal nitrogen = 1.8 X lO"" 
gni, N/c.c. 

The entire collection of data which have been obtained from this 
culture No. 6 — 3 — 8/1, by both direct observation and by calcula- 
tions based thereon, is recorded in the following table. The deter- 
minations marked * represent the quantity of reagent used, not that 
of the substance estimated, the complete identity of which was in 
such cases not certainly determined. The significance attached to 
the numerical results appears in the preceding discussions. 

CULTURE No. 6-3-a 

Age. 2 days. 14 days. 

•Phth. Ac 3.4 X lo-'gmol./c.c. 

HjCOj 2.4 X io~'gmol./c.c. 

Ionic H 27. X 10-' gmion/c.c. 

•Mthor. Alk 6.8 x lo-* gmol./c.c. 

•Phth. Ac Trace. 

•Mlhor. Alk. :Obs 8.06 X lo"* gmol./c.c. 

" " Calc. fr. Bicarb 8.06 X lo-* gmol./c.c 

Alk. Bicarb a.86 X lo-* gmol./c.c. 

a for Alk. Bicarb 98.6^5. 

Alk. Earth Bicarb a.6 x lo-'gmoL/cx. 

o for Alk. Earth Bicarb ' 83.1%. 

Total Ty/'o 0.186 atm. 

Electr. Cond. ; Obs 643. X lo"* i/ohm. 

" " Calc. fr. Bicarb 643. X lo"* i/ohcn. 

Sulphated Ash per 5 c.c 0.0083 gi"- 

Cl o~4 X lo^gmaL/ac. 

O consumed 30.7 X io~*gm,/c.c. 

Total Organic N 12.0 X lo'^gm./c.c. 

Ammon. N 1.8 X io-«gm./cc. 

In the next following part of this paper will be described the re- 
sults obtained in the study of cultures under continuous observation, 
and of which the biological record was simultaneously obtained. 
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THE RELATION OF THE NORMAL HEART RHYTHM TO 
THE ARTIFICIAL RHYTHM PRODUCED BY SODIUM 
CHLORIDE. 

By a. J. CARLSON. 
IFrviH (A/ /full Phytielepiai Laiera/Pry a/ tit UnivtnUy ef Ckieago.\ 

I. 
'TT^HE experiments here recorded were undertaken primarily with 
■'■ the view of determining what part, if any, the intrinsic nervous 
tissue in the heart takes in the production of rhythm in parts of the 
heart not normally automatic when immersed in an isotonic sodium 
chloride solution. The fact that curarized skeletal muscle twitches 
more or less rhythmically in a pure sodium chloride solution suggests 
that the rhythm produced by this same chemical in non-automatic 
parts of the heart is idio-muscular. But it is also possible that the 
local nervous plexus in the heart strips is involved in the artificial 
rhythm, and this may account for the fact that the rhythm of isolated 
heart strips in sodium chloride approaches in regularity more closely 
to the normal heart rhythm than does the sodium chloride rhythm 
of skeletal muscle. This question cannot be attacked directly in the 
vertebrate heart, because the nervous and the muscular tissues can- 
not be separated for the necessary experiments, let alone the fact 
that the function of the intrinsic nervous tissue in the vertebrate 
heart is still, at least according to some physiologists, an unsettled 
question. 

None of these difficulties confronts us in the Limulus heart. The 
function of ganglion and the nervous plexus in this heart is no 
longer a matter of controversy. The two tissues can be isolated so 
that the action of a chemical on either tissue may be accurately 
studied apart from that on the other. And finally, a pure sodium 
chloride solution (isotonic) produces, to all appearance, the same 
type of transient rhythm in the non-rhythmical part of the Limulus 
heart as in the classical strips from the apex of the vertebrate heart. 
For these experiments the Limulus heart is prepared as shown in 
478 
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diagram B (Fig, i). The median dorsal nerve cord or ganglion is ex- 
tirpated for the whole length of the heart. The heart is traassected 
in the middle of the second and the third segments, and the inter- 
vening part removed, thus leaving the anterior and posterior ends of 
the heart connected by the lateral 
nerves or rather nerve plexus 
only. Both ends of the heart 
can now be suspended in sepa- 
rate chambers for graphic regis- 
tration, and either end immersed 
in sodium chloride while the other 
end is bathed in plasma or sea 
water. It has been shown in a 
previous paper in this journal 
that most of the fibres of the lat- 
eral nerve plexus in the middle 
region of the heart are motor 
fibres to the muscle of the ante- 
rior segments. Hence, if the 
posterior end of the preparation 
i^B, Fig. t) is placed in sodium 
chloride, the anterior end re- 
maining in plasma, the anterior 
end would begin to beat in syn- 
chrony with the artificial rhythm 
of the posterior end, provided the 
solution produced a rhythm in 
the lateral nerve plexus directly 
or in case the idio-muscular 
rhythm was in some way com- 
municated to the nerve plexus. 

Some experiments were also 
made with a preparation similar to that shown in diagram £7 (Fig. \), 
the lateral nerve plexus on both sides being isolated from the middle 
of the second to the fourth or fifth segment and placed in the sodium 
chloride solution. If the sodium chloride produces rhythmic activity 
in the nerve plexus, the anterior end of the heart would begin to 
contract rhythmically in the plasma or sea water bath. . 

I desired, in the .lecond place, to study the changes in the response 
of the heart muscle to the normal stimulus produced by the sodium 



FicuRE 1. — Diagrams to illustrate the prep- 
aration of the Limulus heart for study- 
ing the relation of the sodium chloride 
rhythm to the normal rhythm. Dorsal 
view of Ihe heart. Diagram A, ganglion 
extirpated in (he first three segments, and 
part of the second and third segments 
removed, leaving the two ends oF the 
heart connected by the laleial nerves. 
Anterior end is immersed in the sodium 
chloride, while the posterior end is kept 

heart prepared as in A, with the ex- 
ception that the ganglion is extirpated 
throughout its whole length. Prepara- 
tion used for studying the relation of the 
nerve plexus to the sodium chloride 
rhythm. Diagram C, preparation of the 
Hist two heart segments and the lateral 
nerves for studying the changes in the re- 
sponse of the muscle to stimulation of 
the nerves during the sodium chloride 
rhythm. 
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chloride in developing the rhythm in the ganglion free part of the 
heart. So far as I know, this has not yet been done, despite the 
numerous researchas on artificial rhythm in the vertebrate heart, but 
the question is now being investigated on the vertebrate heart in this 
laboratory by Professor Ungle. The Limulus heart lends itself ad- 
mirably to an accurate study of this question. The heart prepara- 
tions made ute of for these experiments are illustrated in diagrams A 
and C(Fig. i). The preparation A is arranged for simultaneous trac- 
ings from the two ends of the heart, and the plasma or sea water in 
the chamber containing the anterior end replaced by ^w sodium 
chloride. In such a preparation the anterior end heats in synchrony 
with the posterior, end, while the sodium chloride rhythm is being 
developed in the former. In the tracing from the posterior end we 
have a check on the rhythm of the ganglion so that the changes in 
the amplitude or rate of the contractions of the anterior end can be 
traced directly to the action of the sodium chloride. 

The preparation in diagram C was used as follows. The muscle 
was immersed in the isotonic sodium chloride solution, and the iso- 
lated lateral nerves placed in a watch glass filled with plasma. From 
time to time the nerves were lifted out of the solution and stimulated 
by induction shocks, and the variation in the muscular response dur- 
ing the different phases of the sodium chloride rhythm recorded. 

II. 

When the dorso-mediati nerve cord or ganglion has been removed 
from the heart, the intrinsic nerve plexus takes no part in the rhythm 
produced by immersing the heatt in isotonic sodium chloride. This is 
shown by the following experiments, i. By placing the lateral 
nerves of preparation C (Fig. i) in the sodium chloride, and leaving 
the muscle part in plasma or sea water, no rhythm is produced in the 
anterior end. 2. When the posterior end of preparation B (Fig. i) 
is placed in sodium chloride and the anterior end in plasma or sea 
water, the rhythm developed in the posterior end never affects the 
anterior end, despite the fact that the lateral nerves connecting the 
two ends of the heart remain intact and capable of functioning. It 
is therefore evident that the rhythm produced by sodium chloride in 
the ganglia free heart is idio-muscular, and that this idio-muscular 
activity does not affect the superficial nerve plexus after the ganglion 
has been removed. Furthermore, the sodium chloride is not able to 
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produce a rhythm in the dorsal nerve plexus in the absence of the 
ganglion. 

In a previous paper in this journal I have shown that an isotonic 
solution of sodium chloride may inaugurate a transitory rhythm in a 
quiescent heart ganglion of Limulus. The latent period of the gan- 
glionic rhythm in sodium chloride is much shorter than that of the 
heart muscle. In fact in some preparations the ganglionic activity 
in sodium chloride has run its course before the idio-muscular rhythm 
appears, so that there is a definite pause between the neurogenic and 
the myogenic rhythm. In other preparations the ganglionic and the 
idio-muscular rhythm may overlap. The ganglion continues in ac- 
tivity for a while after the idio-muscular contractions have begun, but 
the latter invariably persist much longer than the former. 



III. 

As shown by the response of the heart muscle to electrical stimu- 
lation of the lateral nerves, tkert is a gradual increase in excitability of 
tke heart muscle immersed in an isotonic sodium chloride solution up to 
the time when the idio-muscular contractions appear. The heart muscle 
□ot only responds to the same stimulus with contractions of increas- 
ing amplitude, but shortly before the idio-muscular rhythm begins, 
the heart muscle may respond with two or three contractions to the 
same stimulation of the lateral nerves that called forth only one con- 
traction at the beginning. In several experiments the electrical 
stimulation of the lateral nerves after a bath of the muscle in sodium 
chloride for 35 to 45 minutes actually started the idio-muscular 
rhythm. The heart muscle continues to respond to the stimulation 
of the lateral nerves for some time (20 to 40 minutes) after the in- 
auguration of the rhythm, but towards the end of the rhythm the 
stimulation of the lateral nerves has no effect, although the heart 
muscle is affected by direct stimulation. 

The changes in the heart muscle leading up to the sodium chloride 
rhythm are therefore in the direction of increased sensitiveness to the 
normal stimulus, but the heart muscle c^n also contract rhythmi- 
cally in sodium chloride when in such condition that it can no longer 
respond to the normal stimulus. The same will probably be found 
to be true for skeletal muscle in the vertebrates. For the vertebrate 
heart it must be left undecided till we have succeeded in separating 
the two tissues for experimental purposes. 
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IV. 



The heart muscle immersed in an isotonic sodium chloride solu- 
tion continues to respond to the normal impulse or stimulus to the 
rhythm reaching it from the ganglion through the lateral nerves for 
some time after the idio-muscular contractions have developed, but 
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Figure 2. — One-half the original size. Simultaneoua record from the two endiof the 
Limulus heart, prepared a» shown in diagram A, Fig. 1. Upper tracing from anterior 
end, fottj minutes after immersion of the anterior end in j^h NaCl. Showing de- 
velopment of the sodium chloride rhythm while the muscle still responds to the 
nervous impulses from the ganglion through the lateral nerves. 

towards the end of the sodium chloride rhythm the heart muscle no 
longer responds to the normal stimulus just as it fails to respond to the 
artiflcial stimulation of the lateral nerves. The preparation used in 
these experiments is that represented in diagram A (Fig. i), the an- 
terior end being immersed in the sodium chloride solution. Under 
these conditions the normal rhythm is superimposed on the artificial 
rhythm for a while. The appearance of the tracings of this composite 
rhythm is very variable, depending on the regularity, or rather ir- 
regularity of the idio-muscular contractions. In rare instances the 
idio-muscular contractions were strong and fairly regular from the be- 
ginning, in which case the rate of the rhythm of the anterior and the 
posterior end of the heart usually presented the ratio of two or three 
to one. A typical record of this type is reproduced in Fig. 2. The 
upper record is from the anterior end. The neurogenic or stronger 
contractions are superimposed on the idio-muscular or weaker con- 
traction. The rate of the latter rhythm is nearly the same as that of 
the former at the stage of the experiment represented on the tracings, 
but such a regularity is not long maintained, as the idio-muscular 
contractions become mor« rapid and irregular before the final cessa- 
tion of the rhythm. In Fig. 3 is reproduced the most common form 
of this compound rhythm. By close inspection of the upper record 
it will be seen that the sodium chloride contractions start as a rapid 
series of more or less rhythmical twitches or beats, on which the 
normal or neurogenic rhythm is superimposed. The former increases 
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in strength and then tends to obscure the normal rhythm, but the 
latter can be plainly made out by artificially accelerating the gangli- 
onic rhythm as well as by abolishing the former. This is rapidly ac- 

^j^iUJbUAJU'LUlMvAx.u1l■J\JUlUAJ^U^ 
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FiOURB 3. — About one-third the original size. Simultaneous tradnga from the two ends 
of the Limulus heart, prepared as <n diagram A, Fig, 1. Upper tracing from anterior 
end, immersed in ^ m NaCl. Showing the normal rhythm superimposed on the 
idio-muscular sodium chloride rhythm. ,^ = acceleration of the normal rhythm by 
mechanical stimulation of the ganglion on the posterior end. IC — the ^ n If aCl 
surrounding the anterior end replaced by plasma, showing (he quick cessation of the 
sodium chloride coniractiona as well as depression of the neurogenic contractions. 

complished by replacing the sodium chloride by plasma or sea water, 
as shown on the right-hand side of Fig. 3 at X'. 

When after development of tJu idio-muscular rhythm, the sodium 
chloride is replaced by plasma or sea water, not only are the idio-muscu- 
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'Figure 4. — Tracings from the anterior end of the Limulus heart prepared as in diagram 
A. Fig. 1, after forty minutes immersion in ft " NaCl. The contractions in B are the 
normal or neurogenic rhythm, in A the sodium chloride rhythm. .^=lhe sodium 
chloride surrounding the anterior end replaced by plasma, a = stimulation of the lat- 
eral nerves by a weak interrupted current showing depression of the normal rhythm 
by plasma after a previous bath in an isotonic sodium chloride solution, despite the 
fact that the ganglion on the posterior end of the heart is active, and the lateral 
nerve able to conduct. 

lar contractions quickly abolished, but the heart muscle may for a time 
cease to respond to the normal stimulus from the ganglion. The ante- 
rior end of the preparation (diagram A, Fig. i) thus comes to a com- 
plete standstill for a longer or shorter period until the normal rhythm 
is resumed. The striking thing about this cessation of the response to 
the normal stimulus is this, that on electrical stimulation of the lateral 
nerves the heart muscle can still be made to contract although it does 
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not respond to the nervous impulses from the ganglion. Escape of 
the current directly to the muscle was guarded against. The fact 
that the muscle contracts on stimulation of the lateral nerves shows 
that the nerves and nerve endings remain functional. The heart 
muscle contracts also on direct stimulation. The failure of the 
normal stimulus to produce con- 
tractions is therefore difficult to 
explain, except on the assump- 
tion that the electrical stimula- 
tion of the nerves gives rise to 
nervous Impulses of so much 
greater intensity than those com- 
ing from the ganglion that in this 
state of reduced excitability the 
Figure 5.— Tracings from the anterior end muscle responds to the former 
of the Umulos heart, prepared as b dia- . , i . .l 1 .. 
™» r Tr„ 1 TK„ ™ .^1. „ im l*"* not to the latter. 

gram C, rig. 1. 1 be muscJe part im- 
mersed in an isotonic solution of sodium 
chloride, a, b, i, stimulation of Che lateral 
nerves bj' the same strength and duration 
of the tntemiptcd current at fifteen. minute 
intervals. Showing increased response of 
the heart muscle to stimulation of the lac- mersed in an isotonic sodtum 
eral nerves with the length of time of jm- chloride solution exhibits the fol- 
mersion in the sodium chloride «>lutlon. ^^^^^^ ^^^^^^^ j„ ^^^^^ ^^^^ 

the heart muscle is completely isolated from the ganglion, there is 
a gradual lengthening of the muscle in the sodium chloride up to the 
time when the idio-muscular contractions appear. It is not clear to 
me whether this lengthening is an actual tonus relaxation or merely 
a passive response to the pull of the light recording lever. As the 
contraction begins there is a gradual increase of the tonus till the 
end of the rhythm. During the latter part of the rhythm tonus 
waves usually appear on the records simultaneously with the funda- 
mental contractions, and the former usually persist for some time 
after the latter have ceased. With the cessation of the more rapid or 
fundamental rhythm, the heart muscle begins to lengthen again. 
The tonus rhythm may persist for a while during this relaxation 
process. When the preparation is transferred from sodium chloride 
to plasma or sea water, the tonus is rapidly diminished as the idio- 
muscular rhythm disappears. 



V. 
The Limulus heart muscle im- 
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VI. 
It has been shown iti a previous paper in this journal that in 
the Limulus heart the conduction takes place in the nerve plexus and 
not from muscle cell to muscle cell. The proof of this is conclusive. 
We have now, furthermore, seen that the sodium chloride rhythm is 
idio-muscular and that the nerve plexus (minus the ganglion) takes 
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FtCURB 6. — Tracings from ganglion free segments o( the Limulus heart immersed in 
■fyn NaCl, showing some tjpes of the idio-muscular sodiuio cUoiida rhythm. 

no part in it. In view of these facta it is significant that the sodium 
ckhride thythm may closely approach the regularity of the normal 
rhythm, because such a regularity involves practically the simultane* 
ous contraction of all the muscle cells in the preparation. How is 
such a co-ordination effected in the Limulus heart in the absence of 
conduction from muscle cell to muscle cell when the tissue that nor- 
mally serves to correlate the activity is not involved ? 

It is in a very few preparations, however, that such a regular 
sodium chloride rhythm is obtained. In the majority of the prepara- 
tions the rhythmical twitchings are quite as irregular as the corre- 
sponding contractions of skeletal muscle, and in the preparations 
exhibiting the greatest regularity of the contractions it is invariably 
superseded by incoK)rdination and irregularity before cessation of the 
activity. The sodium chloride rhythm may begin with a perfectly 
regular and gradually augmented series of beats which finally pass 
into a state of in co-ordination. It may begin by irregular and inco- 
ordinated twitchings and change for a brief period to a regular co- 
ordinated rhythm involving simultaneous contraction of all parts of 
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the preparations to again be superseded by tnco-ordination. Or, 
thirdly, the sodium chloride rhythm of a preparation may be irreg;ular 
throughout its whole course. Typical tracings of these different 
forms of the sodium chloride rhythm are represented in Fig. 6. 

The irregular rhythm requires no special explanation, as that type 
of activity is what is to be expected under the circumstances, but the 
presence of an to all appearance perfectly regular rhythm under these 
conditions is more difficult to account for. There appear to be only 
two alternatives. Either the sodium chloride alters the muscular 
tissue so that a wave of contraction can be conducted from muscle 
cell to muscle cell, a process which does not occur normally in this 
heart; or the co-ordination is effected by means of an intercellular 
nerve plexus so related to the dorsal or superficial plexus connecting 
the ganglion with the heart walls that the impulses do not pass from 
the former to the latter. These suggestions are, of course, only work- 
ing hypotheses. My observations so far rather tend to discredit the 
second alternative, but it must at the same time be admitted that we 
have no direct evidence of the truth of the first, either for the Limulus 
or the vertebrate heart. We do not yet know whether the contrac- 
tion wave is normally conducted from muscle cell to muscle cell in 
the vertebrate heart, but according to Guenther ^ the sodium chloride 
rhythm in strips from the tortoise ventricle is at first confined to the 
part of the strip immersed in the solution. The same author states 
that this is also true for curarized skeletal muscle. In other words, 
the sodium chloride rhythm of skeletal muscle is of such a nature 
that one end of the muscle cell may be in rhythmic activity while the 
other end is at rest; despite the fact that the whole fibre retains its 
normal conductivity and contractility. The interpretation of theHact 
for the tortoise ventricle may be the same as suggested above for the 
Limulus heart. The main difficulty in testing the hypothesis in the 
vertebrate heart Is the unsettled question of the normal mechanism 
of conduction. 

I Guenther : This journal, 1905, xiv, p. 73. 
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OBSERVATIONS ON HUMAN CHYLE, 

By TORALD SOLLMANN. 

[Frm tkt FAarmoiali^ieal Labarataty of Wtttem Riterve UhrDtrsity, and tlu SurgUat 
Straict of LakttiJt Haipilal, CUvtland, Oiiff.] 

Introductory. 

WOUNDS of the thoracic duct or its branches are not infrequent 
in-operations on the neck,^ The permission of Dr. D. P. Allen 
to utilize a case of this kind at Lakeside Hospital gave occasion to 
the following observations. I am indebted to Dr. J, A. Hofmann for 
the collection of the fluids. 

Ciinual abstract. — A branch of the thoracic duct was cut during the excisioD 
of some tubercular cervical lymph glands, on April 19, 1906. The lymph 
flowed from the wound in a continuous stream. The flow continued free 
for some days. On April 27 (eight days after the operation) it is esti- 
mated as about ^oo c.c. in the twenty-four hours. The amount is dis- 
tinctly less four days later. On May 4 (fifteen days) it is noted as " very 
small." The discharge has ceased entirely by May 14 (twenty-five days). 
The patient is discharged on May 21, with the wound completely healed. 

The circumstances of the case rendered it impossible to make the 
physiologic and pharmacologic experiments as extensive as I would 
have wished; but the following may not be without some interest: 

Rate of flow. — On the first day of the regular observations 
(April 27, eight days after the operation) the chyle flowed freely 
through a catheter placed into the wound, and could be collected very 
thoroughly and accurately. Breakfast (consisting of four ounces of 
cooked cereal, coffee, one egg, and one piece of toast) was given at 
7 A.M. One gram of potassium iodid was administered at 8.52 a.m. 
The chyle was collected continuously from 8.45 a.m. until noon, into 
test-tubes which were changed every five minutes until 10 a.m., then 
less frequently. The contents of the test-tubes could not be measured 

' Allen, D. P., and Briggs, C E.: Americau medicine, Sept. 14-21, 1901. 
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directly because of clotting; but a close approximation was secured 
by comparison with a control tube of similar size. The quantities in 
Table I are therefore not quite accurate. 

TABLE r. 
Flow of Ciivlb (April 27). 



Time. 


"r? 


Cc, per five 


Time. 


Quantity 


Cc. per five 
minutes. 


8.45-8.50 


14.0 


14.0 


9.40-9.45 


9.4 


9.4 


8JS 


8.7 


8.7 


9.S0 


9.0 


9.0 


9.00 


8.8 


6.8 


9,55 


7.2 


7.2 


9.05 


10.0 


10.0 


10,00 


11.6 


11.6 


9.10 


ia4 


10.4 


10.10 


9.4 


4.7 


9.15 


9.4 


9.4 


10.20 


0.6 


03 


9.Z0 


9.4 


9.4 


10.30 


0.4 


0.2 


9.25 


laz 


ia2 


10.45 


OJ 


ai 


9.30 


11.1 


11.1 


11.1s 


1.0 


ais 


9.35 


11.0 


1.10 


IZXX) 


2.5 


a2S 


9.40 


8.0 


&0 









For the seventy minutes between 8.50 and 10, the flow remained 
remarkably constant, from 7.2 to ii.6c.c. per five minutes, averag- 
ing <).6 cc. It then fell quite suddenly to 4.7 cc, and then remained 
for two hours between 0.3 and 0.1 cc. per five minutes. The dimi- 
nution could not be ascribed to clogging, ncr could it be connected 
with the administration of the iodid; it was probably due to the com- 
pletion of digestion (three hours after eating). A light meal poor in 
fat (egg, toast, custard, and soup), taken at 1 1.45, had no effect within 
fifteen minutes. 

Appeuanoe and olotUng. — The fluids had a more or less creamy 
appearance, except when collected in the early morning, i.e. after 
fasting, when they became almost or quite clear. All the samples 
showed some clotting when brought to the laboratory. The size of 
the clot varied greatly, corresponding to the degree of cloudiness of 
the fluid, i. e. to the quantity of fat enmeshed by the clot. The 
coagulation occurred promptly. In those samples which were of 
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creamy appearance, the entire fluid set into an opaque, fairly con- 
sistent jelly, sufficiently firm to remain in the (ube when this was re- 
versed and shaken rather roughly. This clot gradually contracted 
into a thin cord of fibrin, by squeezing out the fat and serum. 
The clear samples did not form a jelly, the clot in this case being 
delicate and transparent and easily overlooked. 

Chemloal oompoBltlon. — I am indebted to Dr. E. D. Brown for the 
determination of the data of Table 11. 



TABLE n. 
Chemical Coufosption of the Chyle (ih 1000 ou-). 



Sample. 


A. 


B'. 


B", 


C. 


D 




Waiw 




928.90 


927.47 








Toul solid 




71.10 


72.53 








Inorganic solids (ash) .... 




6.0+ 










Chlorids as NaCl 






6.80 








Organic solids 




65.06 










Proleids (N X 6.25) ... . 








18J2 






''tcs:s,T.;,„.,o„. . . 


a73 












Ether extraction 










19. 






Sample A; Morning of April 26, four houis after lul meal (19-23 gm. lUed far analysis). 
Sample B ; Evening of April 25, four hours after first, and one-half hour after second 

meal (milk and eggs), 15.394 gm. 
Sample C : Afternoon of April 25, three hours after meal, 21,118 gm. 
Sample n : Mixed collection between April 26 and 27, 168-485 gm. 

The figures for total solids, ash and NaCl are fairly representative 
for human chyle. 

The proteids appear variable: direct estimation in C showed 18.52 
per thousatid, while B must have contained nearly 65 per thousand. 
Similar variations are shown by the data of other investigators : thus, 
Paton found 13.7 per thousand, Rees 70.8 per thousand. 

The fat content of the human chyle varies generally between 20 
and 150 per thousand. In this case it is unusually low: the chloro- 
form extract of sample A represented only 0-73 per thousand; the 
ether extract in D, however, approaches closely to the normal lower 



,v Google 



490 Torald SoUmann. 

limit, namely, 19. 30 per thousand. This ether extract differed from 
ordinary fat in that 96 per cent of it was soluble in 95 per cent alcohol. 
The alcohol soluble fat (weighing z.8823 gm.) contained free fatty acid 
corresponding to 0.1165 gm. KOH per gm. of fat; this would corre* 
spond to 0.587 gm. of free acid, expressed as oleic acid per gm. of fat. 
This free acidity is probably due to decomposition of the sample be- 
fore the examination was started. The Koetsdorfer saponification 
number (combined fatty acid) corresponded to 0.1362 gm. KOH 
per gram of fat. The unsaponifiable residue amounted to only 2.5 
per cent of the fat. This did not contain any phosphorus, hence no 
lecithin. 

Appeuanoa of drags In mine and ohyl«. — It was planned to Uti- 
lize this case mainly for observing the relative rapidity of the appear- 
ance and disappearance of drugs in the chyle and urine. The limited 
number of results, however, are only valuable for orientation. 

FotMBinm iodld; Method — The iodid in the urine was determined 
by adding to 5 c.c. of the urine i c.c. of i ; 4 sulphuric acid, a 
I per cent solution of sodium nitrite drop by drop, and 5 c.c. of car- 
bon disulphid, and comparing the depth of color. The same method 
was applied to the first twenty samples of chyle with negative results. 
The failure was doubtless due to the combination of the liberated 
iodin with the fat of the chyle. It was attempted to save these 
spoiled samples by adding an excess of sodium hydroxid, evapo- 
rating and incinerating, and testing the ash as above. The results 
were again negative, as also in a control mixture of iodid and olive 
oil, treated in the same manner. Subsequent samples were tested 
with satisfactory results by evaporating directly with sodium hy- 
droxid, charring the residue strongly, extracting with water, neutral- 
izing, and proceeding as for the urines. 

The iodid experiments- were begun on April 27, l gram of 
potassium iodid being administered by mouth at 8.52 a.m., two hours 
after a light breakfast. The chyle was collected continuously 
through a catheter, the receiving tube being changed at frequent 
intervals; the bladder was emptied spontaneously every ten minutes 
for an hour, then less frequently. The urine flow declined very 
slowly from 6.7 c.c. per ten minutes at 9 a.m. to 4.25 c.c. at noon. 

The flow of the ohyle is reported in Table I. The iodid did not 
cause any noticeable change. 

Tlw exoretlon by the nrlne began between eight and twenty min- 
utes after the administration; the iodid concentration was almost 
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maximal in thirty-eight minutes, but increased slightly to one and 
one-half hours. In one and three-fourth hours it had again fallen 
slightly, being about the same as in one hour. This decline contin- 
ued to two and one-fourth hours, when it resembled that of one^half 
hour; at this level it remained to the seventh hour. In twenty-four 
and twenty-six hours it was very much less. None was detected after 
four days. 

BxoreUoti bj tiw ob7i«. — The first appearance of the iodid could 
not be determined on account of the faulty method. The earliest 
specimen examined correctly was taken three hours after the admin- 
istration of the drug. This contained a fair quantity of iodid, as also 
the subsequent samples up to twelve hours. In the specimens of 
twenty-four and twenty-five hours there were only minute traces. 
None could be discovered in twenty-seten hours or later. 

It would appear therefore that tfte iodid, after a single administra- 
tion, disappears at about the same time from Ike urine and chyle. 

Sodinm salicylate. — 0.3 gram of the salicylate was administered 
by mouth on April 30. The How of chyle had become quite small 
by this time so that it could not be collected by catheter. The dress- 
ings were changed two and one-half and twenty-three hours after 
giving the drug, and exhausted with boiling water. T\\ey failed ta 
give a plain salicylate reaction with ferric chlorid, either directly, or 
after acidulation and extraction with ether. The urine was not 
collected. 

Santonin. — 0.13 gram was given by mouth on May i. The fluids 
were not tested for santonin itself, but for the peculiar product which 
gives a red color with alkalies. The urine gave no reaction in an 
hour; a slight red color in two hours, a deeper color in three hours. 
The tint remained nearly uniform in the hourly samples to the end 
of the seventh hour, when the collection was discontinued. The chyle 
did not give the reaction, the gauze being changed and examined every 
hour for seven hours. 
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